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TIIK  KDITOR’S  VIEWPOINT 

I^infflioriu*  and  O’Connell  (p.  604),  from  a 
study  of  experimentally  produced  periodontal 

deftH'ta  in  dogs,  found  the  presence  of  calci¬ 
fied  tissue  to  he  a  factor  in  differentiation 

of  osteoblasts.  They  suggest  that  resorbing 

calcified  tissues  may  supply  the  stimulus. 

They  observed  regeneration  of  alveolar  bone. 

To  the  j)eriodontist  who  hopes  to  find  repair 

under  ideal  conditions  this  is  an  important 
finding. 

Many  impressions  have  been  passed  on  from 

one  generation  of  practitioners  to  the  next 

without  scientific  evaluation.  Quite  often 

careful  experiment  confirms  the  clinical  im¬ 

pressions  and  empiric  teachings.  The  unini¬ 
tiated  may  look  on  such  investigation  as  a 

waste  of  time,  money,  and  energy.  Often 

enough,  to  justify  such  studies  of  “accepted 
fact,”  the  results  are  similar  to  those  reported 
by  Kamfjord  (p.  615).  A  study  of  the  gingiva 

and  i»eriodontium  by  observation,  x-ray,  and 
microscopy  showed  no  changes  attributable  to 

an  acute  febrile  disea.se  (poliomyelitis)  in 

monkeys.  Kamfjord  suggests  that  the  clini¬ 

cal  impression  that  acute  disea.se  causes  perio¬ 

dontal  disease  may  be  due  to  the  accumula¬ 

tion  of  debris  on  the  teeth  and  gingivae,  asso¬ 
ciated  with  neglect  of  oral  hygiene,  during 

acute  illness.  The  report  that  certain  phases 
of  traumatic  lesions  observed  resemble  lesions 

descrilfcd  as  periodontosis  is  worthy  of  further 
consideration. 

t'attoni  (p.  627)  presents  evidence  of 
lymphocytes  in  the  epithelium  of  healthy 

gingivae  and  discusses  their  possible  defense 

role.  It  is  worth  remembering  that  inflamma¬ 
tion  is  not  a  pathologic  process  but  is  the 

response  of  normal  tissues  to  irritation.  Since 

tlie  typical  cells  of  the  inflammatory  process 
are  essential  for  defense  it  should  be  no  more 

amazing  to  find  them  in  small  numbers  than 

to  find  a  small  standing  army  in  a  nation 

at  j)eace  but  prepared  for  self-defense. 

Zwirner  (p.  fi.'lS)  de.scrilies  an  apparatus 
for  examination  of  the  movement  of  rat’s 
teetli  in  their  alveoli.  The  dynamics  of  the 

dento-alveolar  joint  have  been  less  enthusias¬ 

tically  investigated  than  its  micromorphologj’. 
Studies  of  the  minute  movements  of  the  teeth 

.sliould  be  useful  in  partial  dental  prosthesis, 

crown  and  bridge  prosthesis,  and  orthodontics. 

Bartels  (p.  642)  des»*ril»es  the  formation 
of  calcium  carbonate  crystals  by  bacteria 

which  normally  inhibit  the  mouth  and  the 

dentobacterial  plaque.  In  vitro,  they  produced 

crystals  on  suitable  media.  Bartels  believes 

that  thi.s  is  collaborative  evidence  of  Xaes- 

lunil ’s  theory  of  calculus  as  a  metabolic  prod¬ 
uct  of  bacteria.  Certainly,  bacteria  are  es¬ 
sential  to  calculus  production;  their  metabolic 

activity  may  in  .some  instances  lead  to  calcu¬ 
lus  formation  and  in  others  to  acid  production. 

Davies  and  King  (p.  645)  studied  the  ef¬ 
fect  of  ammonium  ion  dentifrice  on  the  con¬ 
trol  of  dental  caries  under  usual  conditions 

of  use.  We  have  long  been  impressed  with 

the  artificial  conditions  under  which  denti¬ 

frices  have  been  tested  recently,  i.e.,  at  speci¬ 
fied  times  under  supervision.  It  has  seemed 

to  us  that  while  these  studies  might  show  the 

relative  effectiveness  of  dentifrice  X  against 

a  control  under  the  special  conditions,  they 

might  not  pertain  when  the  dentifrice  X  is 

sold  across  the  drugstore  counter  as  a  result 

of  television,  radio,  and  newspaper  advertis¬ 

ing  plus  the  popular  pseudo-science  contained 
in  periodicals  designed  for  lay  consumption. 

Davies  and  King  found  ammonium  ion  denti¬ 
frice  ineffective  when  used  routinely  over  a 

one-year  period.  Their  well  prepared  report 
is  worthy  of  careful  study. 

Pearlman  (p.  656),  continuing  the  study  of 

the  influence  of  ammonia  and  lactobacilli,  im¬ 

plies  that  the  introduction  of  ammonium  phos¬ 
phate  and  urea  into  the  mouth  should  not  be 

expected  to  cause  immediate  inhibition  of 

acid  production  unless  high  concentrates  are 

maintained  and  the  reaction  is  kept  alkaline. 

The  results  do  not  appear  too  encouraging  for 

advocates  of  these  substances  in  caries’  con¬ 
trol. 

Scrivener,  Myers,  Moore,  and  Warner 

(p.  665)  show  evidence  of  antagonism  and 
satellitism  between  the  oral  flora  and  lacto¬ 

bacilli.  These  investigators  have  interested 

themselves  in  this  problem  for  sometime.  The 

complexity  of  the  oral  flora  makes  definitive 

investigation  of  the  problem  difficult  but  the 

jmssible  significance  is  undeniable. 

In  a  report  on  caries  activity  in  12-,  1.1-, 

and  14-year-old  children  after  21  and  34 
months  of  water  fluoridation.  Hill,  Blayney, 
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and  Wolf  (670)  show  12  per  cent  reduction 

in  D.M.F.  Tliey,  ajjain,  question  how  nmcli  of 
this  retluction  can  l>e  attributed  to  fluorida¬ 

tion  of  water  alone.  It  .seems  most  amazing 

that  caries  immunes  among  13-year  olds  in¬ 

creased  by  146  per  cent  but  when  it  is  real¬ 
ized  that  this  is  only  a  change  from  1.02 

immune  children  per  hundred  to  2.51  immunes 

I»er  huntlred  the  figure  becomes  less  impres¬ 
sive.  This  factual  report  is  worthy  of  close 
study. 

Martin  (p.  676)  found  that  fresh  and 

frozen  vegetables  cooked  in  fluoride-contain¬ 
ing  waters  absorb  fluorine.  These  studies  are 

adding  to  our  knowledge  of  the  fluoridation 

problem.  Protests  have  been  made  by  at  least 

one  religious  group.  Suggestions,  based  on 

nothing  but  guesses,  have  come  from  others 
that  fluoridation  deteriorates  the  brain  or 

causes  cancer.  To  combat  such  unscientific 

protestations  we  nt*e<l  facts.  We  mu.st  know 

more  of  the  effect  of  food  habits,  water  drink¬ 

ing  habits,  body  weight  and  form,  age,  dis¬ 
ease,  and  metabolic  state  on  fluorine  utiliza¬ 

tion  in  the  body.  The  fact  that  Martin  found 

that  spinach  cooked  in  the  open  pan  absorbs 
much  more  fluorine  than  l)eets  cooked  in  a 

pressure  cooker  may  be  more  important  than 

it  aiqiears  to  the  ca.sual  reader. 

Kogo.sa,  Mitclndl,  and  Wiseman  (p.  682) 

have  developed  a  selective  medium  for  oral 

lactobacilli  which  they  suggest  is  superior  to 

tomato  Juice  agar.  It  is  easily  prepared,  in¬ 

expensive,  and  eliminates  growth  of  most  or¬ 

ganisms  other  than  lactobacilli.  In  compar¬ 
ing  it  with  tomato  Juice  agar  they  considered 

the  results  favorable.  Of  course,  it  is  ex¬ 

tremely  difficult  to  reproduce  lactobacillus 

counts  even  on  repeated  plates  from  the  same 

sanqile.  (Permar,  I).,  Kitchin,  P.  C.,  Robin¬ 
son,  H.  H.  G.  J.  I).  Res.  25:  475,  1946;  Dewar, 

M.  R.,  I).  J.  Australia  21:  509,  1949.)  To 

eliminate  this  difficulty,  the  authors  used  re¬ 
productions  within  100  per  cent  variation  as 

acceptable  and  found  that  this  occurred  in  55 

|)er  cent  of  122  samples  from  human  beings 

an<l  in  4.3  per  cent  of  156  hamster  samples. 

'Pile  method,  no  doubt,  eliminates  many  un- 
tlesirable  bacterial  forms  anti  mohls  but  it 

should  l»e  evaluated  against  caries  Is'fore 

standards  for  .su.sceptibility  and  immunity 

may  be  established  on  this  medium. 

Nuckojls,  Killian,  and  Frisbie  ([).  690) 

pre.sent  a  well-illustrated  description  of  early 
caries  in  decalcified  sections  of  hamster  mo¬ 

lars.  It  is  mo.st  interesting  that  they  inter¬ 

pret  their  material  as  giving  evidence  that 

caries  is  initiated  in  the  organic  material  when 

their  method  of  preparation  has  removed  the 

inorganic  material  and  prevented  observation 

of  changes  in  that  pha.se  of  the  enamel.  De- 
scriptiitns  of  dynamic  processes,  such  as  dental 
caries,  on  the  basis  of  limited  observations  on 

“still  juctures’’  of  treated  tissues  (fixed,  de¬ 
hydrated,  decalcified)  may  lead  to  conclusions 
as  erroneous  as  those  of  the  blin<l  men  de¬ 

scribing  an  elephant. 

Besic  (p.  70.S)  shows  artificial  caries  pro¬ 
duced  in  three  teeth.  The  carious  lesions 

produced  closely  resemble  those  observed  in 

clinical  practice,  (’linically  and  radiograph¬ 
ically  they  are  indistinguishable  from  such 

lesions.  It  has  often  been  said  by  investiga¬ 
tors,  who  have  not  bothered  to  review  the 

literature,  that  dental  caries  has  never  been 

produced  in  vitro.  This  paper  is  another 
which  demonstrates  the  production  of  such 

lesions  and  their  similarity  to  clinical  dental 
caries. 

Ogilvie  (p.  712)  experimentally  produced 
acute  and  chronic  sodium  fluoride  intoxica¬ 

tion  in  a  group  of  animals.  The  studies  of 

the  salivary  glands  indicate  that  there  are 

significant  changes  in  these  glands  under  the 
influence  of  sodium  fluoride.  Just  what  role 

the.se  changes  play  in  the  problems  of  general 

and  oral  pathology  is  not  yet  clear.  How¬ 

ever,  the  fact  that  the  fluorides  do  have  ef¬ 

fects  on  the  cytological  picture  of  the  sali¬ 
vary  glands  strongly  suggests  that  some  of 
the  influence  of  fluorides  on  dental  caries  may 

come  through  the  secreted  saliva.  The  com¬ 
plete  evidence  for  this,  of  cour.se,  is  not  yet 

available  but  further  investigation  of  the 

physiologv'  as  well  as  the  cytologj-  of  the 

salivaiy  glands  under  sodium  fluoride  admin¬ 
istration  is  suggested. 

Bartelstone  (p.  728)  has  demonstrated  the 

relatively  rapid  ( 14-2  hours)  penetration  of 
radioiodine  through  intact  enamel  of  teeth  in 

vivo.  It  secerns  apparent  that  the  iodine  rap¬ 
idly  reaches  the  blood  stream  (as  evidenced 
by  thyroid  ra<lioactivity)  and.  probably  by  a 

tlirect  route,  the  jieriodontium.  This  may  b«* 
accepted  as  evidence  of  the  j)enetrability  of 
intact  enamel  in  vivo.  Its  relationship  to 

metabolism  will  probably  remain  for  debate 
— those  who  look  on  enamel  as  a  substance 

with  metal)olic  activity  citing  this  work  as 

evidence  for  their  viewpoint  while  those  who 
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consider  enamel  a  relatively  inert  cellular 

product  considering  only  as  evidence  that  the 

enainel  acts  as  a  permeable  membrane.  The 

evidence  at  hand,  using  a  new  research  tool, 

establishes  that  intact  enamel,  in  vivo,  is  per¬ 
meable  in  relative  short  time  periods. 

Kupfer  (p.  7;t4)  found  that  34  of  36  pa¬ 
tients  with  toxic  goiter  had  one  or  more 

liypen-ementosed  teeth.  Vsing  groups  of  com¬ 
parable  age  from  other  hospital  cases,  he 

found  only  6  of  36  patients  with  hyper- 
cementosed  teetli  and  in  a  similar  group  of 

nonhospitalized  patients  he  found  only  7  of 

36  patients  with  one  or  more  hypercement osed 

t»H>th.  Kui)fer  does  not  make  any  effort  at 
the  pre.sent  time  to  explain  the  nature  of 

this  relationship  between  hyjH'rcementosis  and 
toxic  goiter. 

Production  of  heat  during  cavity  prepara¬ 
tion  is  detrimental  to  the  dental  pulp.  Many 

factors  contribute  to  heat  production  in  cavity 

preparation.  Vaughn  and  Peyton  (p.  737) 

have  investigated  the  influence  of  some  of 

these  factors  on  temperature  rise  during  cav¬ 

ity  preparation.  They  find  that  with  a  fis¬ 

sure  bur  the  tem|)erature  rises  at  speeds  l)e- 
tween  approximately  1,100  and  11,000  r.p.m. 

and  that  the  maximum  temperature  rises  de¬ 
velop  within  ten  seconds  after  the  operation 

begins.  As  has  been  suggested  from  clinical 

studies  an<l  observations,  the  smaller  the  bur 

the  lower  the  temjterature  rise  produced.  They 

also  found  that  both  increase  in  pressure  and 

increase  of  speed  of  operation  has  a  pro¬ 

nounced  influence  on  the  temperature  rise  de¬ 

veloped  in  the  tooth.  This  study  is  of  im¬ 

portance  to  those  who  are  interested  in  pres¬ 
ervation  of  the  dental  pulp  during  cavity 

preparation,  and  that  should  include  all  dental 

o|)erators. 

Bush  and  Peyton  ( p.  745)  report  the  effect 
of  section  size  on  mechanical  properties  of 

wrought  gold  wires.  Oddly,  such  a  study 
had  not  been  undertaken  previously.  The 

authors  found  publi.shed  results  of  propor¬ 
tional  limits  of  various  alloys  unreliable  for 

designeil  purposes  under  certain  conditions. 
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INTRODUCTION 

A  SERIES  of  studies  on  the  rejiair  of  the  periodontal  structures  following surgical  removal  of  a  section  of  alveolar  bone  and  periodontal  mem¬ 
brane  is  being  made  on  dogs.  The  first  paper  reporting  this  work  described 

a  procedure  whereby  reattachment  of  the  soft  tissues  to  the  tooth  was  at¬ 

tained.^  This  communication  presents  a  further  study  of  the  reparative 
liroeess  in  which  both  reattachment  of  the  soft  tissues  to  the  tooth  and  a  con¬ 

siderable  regeneration  of  alveolar  process  have  been  observed. 

Three  tissues  are  required  for  the  regeneration  of  the  periodontal  struc¬ 

tures — cementum,  bone,  and  fibrous  connective  tissue.  Therefore,  cemento- 
blasts,  osteoblasts,  and  fibrobla.sts  are  necessary  for  the  reparative  process. 
Fibrobla.sts,  since  they  are  always  available  for  the  repair  of  wounds,  do  not 

liresent  any  special  problem,  but  cementoblasts  and  osteoblasts  do.  We  know 
that  osteoblasts  make  their  apiiearanee  where  bone  is  being  formed,  but  where 

they  come  from  and  what  is  the  cause  of  their  development  has  been  the  sub¬ 

ject  of  a  great  deal  of  controversy  for  nearly  a  hundred  years.  This  is  in¬ 
dicated  by  the  many  conflicting  hypotheses  on  the  causality  and  mechanism 

of  osteogenesis.  For  examjile,  according  to  one  theory  in  the  usual  reparative 

])rocess,  osteogenic  cells  from  bone  itself  rather  than  cells  of  ordinary  connec¬ 

tive  tissue  are  utilized  to  form  new  bone.  Another  theory  is  that  proliferat¬ 
ing  connective  tissue  cells  anywhere  in  the  body  may  be  the  site  of  hone 
formation.  Whether  or  not  bone  is  formed  depends,  according  to  this  second 

theory,  mainly  on  environmental  factors. 

In  the  light  of  the.se  conflicting  ojiinions,  the  origin  of  the  cells  for  the 

reparative  jirocess  in  which  we  are  interested  may  be  important.  Have  the 

cells  of  granulation  tissue  arising  from  the  connective  tissue  of  the  gingiva 

the  potentiality  to  form  osteoblasts,  or  must  the  sources  of  the  cells  be  the 

alveolar  jirocess?  In  addition  to  osteoblasts,  new  cementobla.sts  are  es.sential 
for  the  reattachment  of  the  soft  tissue  to  the  tooth. 

With  these  ideas  in  mind  an  examination  of  Fig.  1,  a  specimen  from  the 

study  of  reattachment  after  a  healing  period  of  49  days,  is  of  interest  as  a 
partial  success  was  attained  in  jiromoting  the  desired  type  of  repair. 

It  is  evident  that  the  surgically  removed  bone  and  periodontal  membrane 

have  been  rejilaced  by  a  tissue  largely  cellular  in  nature.  Some  of  the  cells 
near  the  cut  edge  of  the  alveolar  process  have  diflFerentiated  to  osteoblasts  and 

formed  bone,  while  others  lying  against  the  tooth  became  cementoblasts  and 

This  project  was  supported  in  part  by  a  prrant  from  the  Associate  Committee  on  Dental 
Ke.searcl»,  National  Re.search  Council  of  Canada. 
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29,  1951. 
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formed  ceinentuin.  However,  while  the  formation  of  new  eementum  occurred 

over  approximately  three-quarters  of  the  denuded  tooth  surfaee,  only  a  small 
refrrowth  of  the  alveolar  process  took  place.  The  failure  of  the  majority  of  the 

replacement  cells  to  differentiate  to  osteoblasts  may  have  been  the  reason 
for  this  relative  lack  of  bone  {rrowth.  If  this  was  the  ea.se,  was  the  failure  of 

the  cells  to  differentiate  to  osteoblasts  due  to  lack  of  potentiality  for  dif¬ 
ferentiation,  or  to  a  lack  of  the  required  environmental  stimuli?  The  origin 

of  the  cells,  whether  from  the  connective  tissue  of  the  gingiv’a  or  from  the 
bony  margins  of  the  wound,  is  not  clear  as  yet.  To  decide  between  these  two 
alternatives,  an  attempt  was  made  to  provide  for  these  cells  appropriate 

environmental  stimuli  of  the  type  that  in  the  previous  study  on  reattachment 
had  seemed  to  favor  differentiation  to  osteoblasts.  This  was  done  by  the  use 
of  autogenous  bone  grafts  as  described  below. 

Again  in  Fig.  1,  eementum  is  seen  to  have  been  formed.  The  question 

arises,  whether  the  new  cementoblasts  were  formed  by  the  cementoblasts  at 

the  margin  of  the  wound  proliferating  along  the  tooth,  or  by  differentiation 
of  the  rei)lacement  cells  that  came  in  contact  with  the  tooth.  If  the  latter 

.supposition  is  correct,  it  would  appear  either  that  the  tooth  has  some  property 
that  induces  the  cells  to  differentiate  to  cementoblasts  rather  than  to  osteobla.sts, 

or  the  difference  between  these  cells  is  one  of  position  only.  In  either  case 
it  would  appear  that  both  bone  and  tooth  structure  have  .something  to  do 
with  the  differentiation  of  the  replacement  cells.  The  observation  in  Fig.  1, 

that  differentiation  to  osteoblasts  and  cementoblasts  occurred  only  near  bone 

and  tooth,  respectively,  would  support  this  hypothesis.  Accoi’dingly,  in  the 
present  study  to  test  this  premise,  grafts  of  tooth  structure  chipped  from 
the  denuded  tooth  were  mixed  with  the  bone  grafts  in  such  a  manner  that 

more  of  the  proliferating  replacement  eells  would  be  in  contact  with  these 
hard  tissues. 

The  experimental  procedures  to  be  described  were  designed  to  test  the 
hypotheses  outlined  above.  The  re.sults  have  shown  that  even  with  cells  of 

proved  potentiality  for  differentiation  to  osteoblasts,  no  such  differentiation 

takes  place  unless  the  required  environmental  stimuli  are  present. 

It  might  be  well  to  suggest  here  what  would  happen  if,  through  lack  of 

potentiality  or  environmental  stimuli,  no  such  differentiation  of  the  replace¬ 
ment  cells  took  place.  Without  new  eementum  there  would  be  no  connective 

tis.sue  union  with  the  tooth,  the  oral  e])ithelium  would  proliferate  apica|ly 
in  which  case  there  would  be  no  regeneration  of  alveolar  bone.  Thus  it  is 

obvious  that  an  understanding  of  the  factors  concerned  in  the  required  cellu¬ 
lar  differentiation  is  ba.sic  to  this  problem  of  reattaehment  and  regeneration 
of  the  alveolar  bone. 

PROCF.DURE 

The  2  upper  canine  teeth  of  adult  dogs  with  healthy  gingival  ti.ssues  were 

used  in  this  study.  The  procedure  for  the  preparation  of  the  3  dogs  whose  sec¬ 

tions  are  shown  in  Figs.  1,  2,  and  3  was  that  described  in  the  previous  paper.' 
Briefly,  by  means  of  a  disk  stone  a  groove  was  cut  into  the  tooth  approximately 
1  mm.  from  the  gingival  margin.  This  served  as  a  point  of  reference  from  which 
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the  level  of  the  griiifrival  sulcus  could  he  measured.  A  {jiufrival  flaj)  was  made, 

exposiiifr  the  overlyiiifr  alveolar  process,  care  heiufj  taken  to  detach  the  complete 

j>eriosteum  includinfr  the  inner  or  cambium  layer.  Then  a  section  of  hone  and 

periodontal  membrane  approximately  7  by  6  mm.  was  removed,  exposiiif;  the 
tooth.  The  flap  was  sutured  into  place. 

The  procedure  for  the  remainiufr  specimens  was  similar  with  the  exception 

that  the  si)ace  created  by  the  removal  of  the  section  of  the  alveolar  bone 

and  ])eriodontal  membrane  was  filled  with  bone  chi])s  ai)])roximately  2  by  3 

by  1  mm.  in  size,  before  the  flaj)  was  sutured  into  place.  In  most  cases  the 

alveolar  proce.ss  removed  was  used  for  the  "rafts,  but  in  a  few  cases  the  fjrafts 
were  obtained  by  removing  part  of  the  alveolus  from  a  nei^hboriiif;  tooth.  In 
addition,  grafts  of  tooth  structure  obtained  by  chisellinf?  off  small  chips  of 

the  exposed  root  were  mixed  with  the  bone  chips  in  some  of  the  specimens. 
The  animals  were  sacrificed  at  various  time  intervals  raiifring:  from  12  to  130 

days,  and  blocks  were  removed  for  sectioning.  Paraffin  sections  were  made 

after  fixation  in  10  i)er  cent  formol-saline,  decalcification  in  5  per  cent  formol- 
nitric  acid,  and  staining  with  hemotoxylin  and  eosin. 

OBSERVATIONS 

In  these  studies  a  wavy  irregular  outline  of  the  root  .surface.  Figs.  1  and 
3,  indicates  an  area  of  root  that  has  been  denuded.  It  follows  then  that  when 

viewing  a  section,  alveolar  process  ojiposite  such  a  root  surface  must  be  new  bone. 
This  offers  a  convenient  method  of  identifying  replaced  bone  up  to  at  least  a 
year  and  a  half  after  the  production  of  the  lesion. 

P'igs.  2,  3,  and  1  are  very  low  power  photomicrographs  of  specimens  after 
14,  22,  and  4fi  days  of  healing,  respectively.  Healing  occurred  without  the  u.se 

of  grafts.  The  magnification  is  the  same  in  Figs.  1-6. 

In  Fig.  2,  new  trabeculae  of  bone  can  be  seen  apparently  growing  from 

the  cut  edge  of  the  alveolar  jirocess  at  the  base  of  the  wound.  An  examination 

of  FMgs.  3  and  1  indicates  that  up  to  the  forty-ninth  day  little  extension  of  the 

osteogenic  i)roccs.‘i  had  <K*curred,  the  amount  of  new  Inine  formed  being  negligible. 
Figs.  4,  5,  and  6  are  j)hotomicrograi)hs  after  14,  21,  and  30  days,  respectively, 
from  experiments  in  which  grafts  were  used.  In  Fig.  4  trabeculae  of  new  bone 
can  be  observed  to  have  been  formed  a  much  greater  distance  from  the  eut  edge 

of  the  alveolar  process  than  was  the  case  on  the  the  fourteenth  day  where  grafts 

had  not  been  used  (Fig.  2).  In  Figs.  5  and  6,  with  a  time  interval  comparable  to 
that  of  the  siiecimens  in  Figs.  3  and  1,  the  extent  of  the  formation  of  new  bone 

is  so  great  that  the  fields  depicted  are  not  large  enough  to  show  all  of  it. 

It  ajipears  then  that  the  distance  which  new  trabeculae  grow'  from  the  old 
bone  is  much  greater  w'hen  grafts  are  iiresent. 

KiK».  1  to  20. — Key  to  abbreviationH  in  illu.strations ;  A  =:  artefact  (separation  believed 
to  iiave  occurred  liuring  tiie  preparation  of  the  sections);  AH  =  alveolar  bone;  BO  =  bone 
^raft ;  C  =  cenientum ;  CH  =  cementoblast ;  CO  =  cenientoclast ;  D  =  dentin  ;  DO  =  dentin 
graft;  DK  =  dentinal  fibril;  EH  =  empty  lacunae;  OF  =  gingival  fiap ;  J  =  Junction  of  old 

and  new  attachments;  NH  =  new  bone;  N'C  =  new  cenientum;  NO  =  new  osteocytes ;  NT  = 
new  trabeculae ;  OH  =  osteoblast ;  OC  =  osteoclast ;  PM  =  perioilontal  membrane ;  R  =  re¬ 
sorption ;  R(T  =  replacement  cells;  T  =  tooth;  TOE  =  thickened  osteogenic  layer. 
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I'  H<^aling  without  grafts,  49-<lay  specimen,  showing  reattachment. 
••  Healing  without  grafts,  H-day  specimen,  showing  new  bone. 

Hg.  .1.  Healing  without  grafts,  22-ilay  specimen,  showing  new  btme. 
'*■  Healing  with  grafts,  14-*lay  specimen,  showing  increased  amount  of  new  bone 
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Kij?-  .5. — HealitiK  with  Krafts,  21 -day  specimen,  showinK  increased  amount  of  new  bone. 

Kis-  — HealinK  with  Krafts,  S0-<lay  specimen,  showinK  increased  amount  of  new  bone. 

KiK.  7.^Spt‘cimen  of  17  liays  showinK  osteoclastic  resorption  of  alveolar  process  at  mar- 
Kin  of  wounil. 

KIk-  8. — Specimen  of  14  days  showinK  resorption  of  denuded  root  surface. 



m 

Klg.  9. — Specimen  of  17  days  showing  osteoclastic  resorption  of  a  bone  graft. 

Fig.  10. — Specimen  of  14  days  showing  re.sorption  of  a  graft  of  tooth  structure. 

Fig.  11. — Specimen  of  17  days,  bone  "graft  at  transitional  stage,  showing  both  resorption 
and  apposition. 

Fig.  12. — Specimen  of  21  days  showing  early  apposition  on  graft  of  tooth  structure. 



Kig.  13. 

Kik.  14. 
of  now  bone. 

-Specimen  of  30  days  showing  apposition  on  graft  of  tooth  .structure. 

-Specimen  of  30  days  showing  apposition  on  bone  graft  and  part  of  trabecuia 

Kig.  1 5. — Specimen  of  30  days  showing  apposition  on  iienuile<l  root,  on  grafts  of  tooth 
structure  ami  bone,  and  part  of  trabecula  of  new  bone. 

Kig.  16. — Specimen  of  35  days.  Compare  apposition  on  bone  graft  with  apposition  on 
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nant  showinR  empty  lacunae  in  new  bone.  suKKestinR  a  rein- 

Fig.  18.— Specimen  of  120  <iays  showing  bone  Kraft  embe.i.ie.i  in  new  cementum 

in  new  cemem^m?^!''*'”*'''  showinR  praft-s  of  both  bone  an.i  tiK>th  structure  embe.i.ie.i 

KiK.  20.— Specimen  of  55  days  sliowins  reattacliment  an.i  res.'nerati.m  of  alvtH>lar  prix-ess. 
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The  low  inafrnifications  used  in  Fi^s.  1  to  6  were  ado]>ted  in  order  to  show 

as  larpre  a  field  as  ])(tssil>le.  but  in  order  to  study  the  details  of  the  rei)arative 

l)rocess,  higher  inafrnifieations  (Fifrs.  7  to  1!))  were  necessary.  Fifjs.  7  to  10 

illustrate  resorption  of  the  cut  edpre  of  the  alveolar  iiroce.ss,  the  root  of  the 

tooth,  and  {rrafts  of  bone  and  dentin  resi)ectively,  with  a  healing  period  of 

from  14  to  17  days.  Fp  to  the  seventeenth  day.  with  the  exception  of  the 

growth  of  new  trabeculae,  the  ])icture  is  one  of  resor])tion. 

About  the  seventeenth  day  the  osteoclasts  disappear,  and  osteoblasts  be¬ 

gin  to  appear  on  the  surfaces  which  up  to  then  showed  oidy  resorption,  and 

the  picture  changes  to  one  of  regeneration  and  api)osition.  Fig.  II  (17  days) 

is  a  high  power  magnification  of  a  graft  in  the  transitional  period.  At  the 

left,  osteoclastic  resorption  is  still  occurring  along  the  central  i)art  of  the 

margin  of  the  graft.  Along  the  right  border  and  part  of  the  left,  osteoblasts 

can  be  seen  lined  up  in  their  characteristic  manner.  Fig.  12  (21  days)  is  a 

high  power  photomicrograph  showing  differentiation  of  osteoblasts  and  early 

ai>po.sition  around  a  graft  of  tooth  structure.  This  can  be  more  clearly  seen 

in  Fig.  13  (30  days),  where  apposition  is  seen  around  a  dentin-cementum  graft 

and  a  graft  of  dentin  only.  Note  the  newly  formed  osteocytes.  Fig.  14  is 

from  the  same  specimen  showing  ai)])osition  on  a  bone  graft.  The  new  bone 

in  the  ui)per  left  hand  corner  is  |)art  of  a  new  trabecula.  The  new  trabeculae 

seem  to  grow  up  between  and  around  the  grafts  but  without  intimate  con¬ 

tact  with  them.  The  contrast  between  the  deep  staining  osteocytes  in  the 

trabeculae  and  the  em])ty  lacunae  characteristic  of  the  bone  grafts  is  quite 

clear.  In  Fig.  15  (30  days),  a  low  power  magnification  shows  apposition  on 

the  tooth,  on  grafts  of  tooth  structure  and  on  grafts  of  bone;  also  on  the  right 

side  there  is  a  large  well-formed  new  trabecula  that  has  grown  beside  the 

grafts  without  actually  touching  them. 

It  appears  that  when  grafts  are  used,  new  bone  is  laid  down  as  new 

trabeculae  and  also  by  at)position  on  the  grafts.  In  these  studies  new  trabeculae 

growing  from  the  cut  edge  of  the  alveolar  process  could  be  observed  after  12 

days,  the  time  at  which  the  earliest  specimens  were  studied.  (Jordon  and 

Ham*  ob.served  new  trabeculae  at  the  edge  of  an  experimental  defect  in  long 
l)ones  as  early  as  6  days  after  the  oi)eration.  In  our  studies  apposition  on  the 

grafts  was  not  observed  before  the  sixteenth  day. 

In  Fig.  16  (35  days),  apposition  on  the  bone  graft  at  the  bottom  can  be 

compared  with  apposition  on  the  tooth.  The  time  interval  for  apposition,  and 

the  amount  deposited  appear  to  be  of  the  same  order. 

Later,  around  the  fortieth  day,  the  new  trabeculae  and  the  new  bone  laid 

down  on  the  grafts  .seem  to  fu.se  together  and  it  is  difficult  to  determine  the 

fate  of  the  grafts.  No  grafts  of  tooth  .structure  or  bone  could  be  clearly 

distinguLshed  at  this  time  in  the  newly  formed  bone.  However,  in  Fig.  17 

(43  days)  the  presence  of  etnpty  lacunae  in  new  bone  suggests  a  remnant  of 

a  graft. 

It  seems  probable  that  bone  grafts  are  gradually  absorbed  and  replaced 

by  new  bone,  for  in  Fig.  IH  (120  days)  there  is  no  evidence  of  the  presence 
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of  grafts  in  the  newly  formed  alveolar  bone  on  the  left,  even  thoiijrh  grafts 

were  present  in  the  area,  as  indicated  by  the  fact  that  in  new  eementnm 

formed  at  the  same  time,  a  bone  graft  ean  be  elearly  <listingnished.  Cernentum 

is  normally  an  unvaseiilarized  tissue,  which  probably  ex])lains  the  presence 

of  the  graft  after  120  days.  In  this  specimen  the  material  laid  down  on  a  bone 

graft  has  now  become  cernentum.  However,  in  Fig.  19,  a  field  from  the  .same 

case  showing  both  dentin  and  bone  grafts  embedded  in  new  cernentum,  it 

would  ai)i)ear  that  this  mass  of  cernentum  is  gradually  being  remodelled  to  a 

more  normal  physiological  form. 

Fig.  20  (55  days)  shows,  under  a  very  low  magnification,  a  considerable 

regeneration  and  reattachtnent  of  the  supiiorting  structure  of  the  tooth. 

I)ISClIS.SiON 

The  presence  of  calcified  tissues  apjicars  to  be  a  factor  in  the  differentiation 

of  osteoblasts.  In  these  studies,  as  the  different iat ion  occurred  only  in  the 

regions  where  calcified  tissue  w'as  being  resorbeil,  it  may  well  be  that  it  is  the 
presence  of  resorbing,  calcified  tissue  that  provides  the  stimulus  in  some  as  yet 

unrecognized  way  for  the  differentiation  of  these  cells. 

No  es.sential  difference  was  observed  between  the  effect  of  grafts  of  bone 

and  grafts  of  tooth  structure.  Dentin  contains  protoplasmic  extensions  of  the 

odontoblasts;  otherwise  it  is  acellular.  This  observation  suggests  that  the  osteo¬ 

genic  effect  of  grafts  is  due  le.ss  to  their  cellular  content  than  to  the  calcified 

intercellular  material.^ 
There  appears  to  be  little  if  any  difference  between  the  osteoblasts  and 

eementoblasts  in  the  reparative  process.  No  difference  could  be  detected  between 

the  material  laid  down  on  the  grafts  which  later  became  Iwne  and  that  which 

was  deposited  on  the  t(K)th.  The  presence  of  bone  grafts  in  cernentum  supports 

this  concept,  for  it  indicates  that  the  osteoid  tissue  laid  down  on  the  grafts  may 

he  incorporated  in  either  cernentum  or  in  bone. 

Drafts  seemed  to  encourage  osteogenesis  by  stimulating  the  growth  of  new 

trabeculae  and  by  acting  as  new  islands  of  os.sification.  When  grafts  are  used, 

the  pattern  of  bone  growth  may  be  likened  to  an  advancing  army  with  groups  of 

paratroopers  being  dropped  ahead  of  the  main  body.  Besides  facilitating  the 

advance  of  the  main  body,  each  group  of  j)aratroopers  presents  an  island  of  con¬ 
quered  territory  which  later,  under  favorable  conditions,  becomes  consolidated 

with  that  of  the  main  army. 

The  origin  of  the  cells  in  the  repair  process,  whether  from  the  connective 

tissue  of  the  gingiva  or  the  bony  margins  of  the  w’ound  is  still  not  proved. 
However,  the  evidence  favors  the  view  that  these  cells  came  from  the  bony 

margins  of  the  wound.  A  characteristic  thickening  of  the  inner  layer  of  the 

periosteum  near  the  cut  edge  of  the  alveolar  ju-ocess  indicates  proliferation 
of  these  cells  following  the  oi)eration.  The  tissue  that  rei)laced  the  removed  Imuic 

looked  similar  to  the  tis.sue  in  the  thickened  area  of  the  periosteum.  Again,  the 

trabeculae  of  new  lM)ne  appeared  to  grow  out  from  the  old  lame,  which  sug¬ 

gests  that  the  cells  concerned  came  from  the  same  source.  However,  further 

work  to  fix  more  definitely  the  origin  of  the  replacement  cells  will  l)e  carried 
out. 
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The  formation  of  the  eementoblasts  alon«r  the  dentin  of  the  denuded  tooth, 

and  of  the  osteoblasts  around  "rafts  of  dentin,  sujr^ests  that  these  cells  dif¬ 
ferentiated  from  the  replacement  cells  that  came  into  contact  with  them  during: 

the  healing  process.  However  it  is  (juite  possible  that  some  of  the  eementoblasts 

and  endosteal  cells  present  on  the  graft  survived  and  contributed  to  osteo¬ 
genesis.  But  as  eementoblasts  were  formed  eijually  well  whether  the  tooth  was 

scaled  or  not,  a  proc-edure  which  tends  to  remove  any  remaining  eementoblasts. 
it  appears  probable  that  the  cells  of  the  transplants  do  not  contribute  greatly 
to  the  o.steogenie  processes. 

More  of  the  replacement  cells  differentiated  to  osteoblasts  and  formed 
bone  when  grafts  were  used  than  when  healing  occurred  without  grafts.  This 

suggests  that  many  of  the  replacement  cells  which  did  not  differentiate  when 

grafts  were  not  present  had  the  potentiality  to  become  osteoblasts.  Thus, 

it  would  appear  that  even  with  cells  of  known  ])otentiality  to  become  o.steo- 
blasts  appropriate  environmental  stimuli  are  necessary  for  differentiation. 

This  may  be  an  explanation  for  the  observation  in  the  former  study  on  re¬ 
attachment  that  although  little  new  bone  was  formed,  reattachinent  by  means 

I  of  new  cementum  occurred  over  a])proxiinately  three-quarters  of  the  denuded 
root. 

CONCLUSIONS 

1.  In  dogs,  following  the  surgical  detachment  of  the  .soft  tissues  and  re¬ 
moval  of  a  section  of  bone  and  periodontal  membrane,  considerable  soft  tissue 
reattachment  and  regeneration  of  alveolar  ])rocess  have  been  attained. 

2.  Resorption  of  calcified  tissue  seems  to  be  a  factor  in  the  differentiation 
of  osteoblasts  and  cementobla.sts. 

3.  It  ai)pear.s  that  the  osteogenic  effect  of  grafts  is  diie  less  to  their 
cellular  content  than  to  the  calcified  intercellular  material. 

4.  No  difference  could  be  detected  histologically  between  the  osteoid 
ti.ssue  laid  down  on  grafts  and  the  new  cementoid  tissue  on  the  tooth. 

5.  The  origin  of  the  cells  in  the  reparative  ])rocess  is  still  not  clear  but 

the  evidence  favors  the  view  that  the  majority  of  the  cells  came  from  the 
bone  rather  than  from  the  connective  tissue  of  the  gingiva. 

6.  AVithout  the  approi)riate  environmental  stimuli  cells,  with  the  poten¬ 
tiality  to  become  osteobla.sts,  did  not  differentiate  to  osteoblasts. 

7.  A  theory  of  the  mechanism  of  the  rei)air  of  bone  with  and  without  the 
use  of  grafts  has  been  advanced. 

The  histological  sections  were  prepared  hy  Mr.  1).  H.  Heaton;  the  photomicrographs 

by  Dr.  W.  Stanley  Hartroft. 
The  authors  wish  to  acknowledge  their  indebtetlness  to  Drs.  C.  TI.  Best,  C.  C.  Lucas,  and 
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AOREAT  number  of  systemic  diseases  have  been  listed  as  contributing  to, or  even  causing  the  occurrence  of  periodontal  diseased’  *'  **  Acute 
febrile  diseases  have  been  considered  to  be  important  in  the  pathogenesis  of 

periodontal  disease,  especially  since  Oottlieb"’  described  diffuse  atrophy  of 

the  alveolar  bone  in  a  young  man  who  died  of  influenza.  Talbot^’  noted  as 
early  as  1899  an  association  between  eruj)tive  fever  and  impairment  of  the 

l)eriodontaI  tissues.  Acute  febrile  disea.ses  have  been  mentioned  as  part  of 

the  complex  of  systemic  diseases  which  might  cause  i)eriodontal  disease.’’  *’ 
Patients  frequently  recall  soreness  of  the  teeth,  gingival  tenderness,  and  hem¬ 
orrhage  which  have  occurred  during  an  attack  of  acute  febrile  disease.  They 

therefore  associate  elevation  of  temperature  as  an  initiating  factor  in  perio¬ 
dontal  disease. 

No  studies  have  been  rc})orted  in  which  the  gingival  conditions  were  ob¬ 
served  before,  during,  and  after  attacks  of  acute  febrile  disease.  The  theory 
of  a  relationship  between  this  group  of  diseases  and  periodontal  disease  has 

therefore  been  built  upon  the  history  obtained  from  ])atients,  clinical  assump¬ 
tion,  and  mainly  on  a  vague  general  concept  of  an  influence  of  .systemic  disease 

on  the  metabolism  and  vitality  of  the  periodontal  tissues.®’’  Little  is  known 
of  the  nature  of  specific  tissue  vitality,  tissue  response,  and  tissue  resistance 

related  to  systemic  disease,’  thus  a  general  conclusion  pertaining  to  the  perio¬ 
dontium  is  of  questionable  value.  Elxperimental  investigations  of  the  perio¬ 
dontal  tissues  during  the  course  of  acute  febrile  disease  have  not  been  re¬ 
ported  previously. 

The  opportunity  for  an  investigation  of  this  problem  was  provided  at  the 
University  of  Michigan  School  of  Public  Health  where  work  was  done  on 

experimentally-produced  poliomyelitis  in  rhesus  moTikeys.  This  disease  pro¬ 
duced  a  high  fever  of  a  limited  duration.  In  rhesus  monkeys  the  morphology 

and  physiology  of  the  ])eriodontium  and  the  masticatory  movements  are  essen¬ 
tially  the  same  as  in  human  beings.  It  has  furthermore  been  established  that 
the  oral  bacterial  flora  of  rhesus  monkeys  is  the  same  as  the  flora  of  the 

human  mouth.®  The  monkeys  were  kept  on  a  well-balanced  human  diet. 
Nineteen  rhesus  monkeys  were  utilized  as  experimental  animals  and 

seven  other  healthy  monkeys,  exposed  to  the  same  environmental  and  dietary 

conditions,  were  used  as  controls.  Only  monkeys  which  at  necropsy  had  no 

Part  of  a  thesia  subniittetl  for  the  deifree  of  Doctor  of  Philosophy  in  the  University  of 
Michigan. 
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evidence  of  tuberculosis  and  were  comparatively  free  of  animal  parasites 

w'ere  included  in  this  report.  The  pre-experimental  ffingival  condition  varied 
from  normal  to  severe  gringrivitis.  Color  photographs  and  gingival  biopsies 

were  taken  before  the  poliomyelitis  virus  inoculation.  The  temperature  of 

each  animal  was  recorded  daily,  and  at  the  same  time  their  mouths  were  in¬ 

spected.  The  monkeys  lived  from  five  to  sixteen  days  following  the  virus 

inoculation  and  had  high  temjieratures  for  from  one  to  ten  days  (Table  I). 

Table  I 

Monkeys  With  Poliomyelitis* 

MONKEY 

NO. 

ACE 

( YEARS) 

CLINICAL  PIAG- 
NOSLS  CiINOIVA 

BEFORE  THE 

EXPERIMENT 

DAYS  FROM 

IDLIOMYELITIS 

INOCl’LATION 
TO  DEATH 

DAYS  WITH 

FEVER 

TEMP.  ABOVE 

104“  F. 

MICROSCOPIC 

PERIOIKINTAL 

FINDINGS 

1898 

3i 

Mild  gingivitis 16 4 Mild  chronic  gingivitis 
1989 

2i 

Normal 9 4 Normal  gingiva 
1988 3 Normal 12 4 Mild  chronic  gingivitis 
1987 

Mild  gingivitis 9 5 Mild  chronic  gingivitis 
1986 n Normal 16 4 Normal  gingiva 

1985 
21 

Normal 9 4 Mild  chronic  gingivitis 

1984 n Mild  gingivitis 

16 

4 Mild  chronic  gingivitis 
1983 2 Mild  gingivitis 7 3 Mild  chronic  gingivitis 

1982 2 Mild  gingivitis 7 2 Mild  chronic  gingivitis 

1981 3 Mild  gingivitis 7 1 Normal  gingiva 

1927 2 Mild  gingivitis 

14 

10 

Mild  chronic  gingivitis 
1932 2 Mild  gingivitis 

10 

9 Mild  chronic  gingivitis 

1928 2 Normal 10 5 
Very  mild  chronic  gin¬ 

givitis 

1933 2 Gingivitis 6 2 Mild  chronic  gingivitis 
1919 

3i 

Mild  gingivitis 10 8 Mild  chronic  gingivitis 
1916 2 Normal 

10 

8 Mild  chronic  gingivitis 
1920 3 Mild  ulcerating 

gingivitis 

8 4 Mild  erosive  gingivitis 

1912 2 Mild  ulcerating 

gingivitis 

5 2 Mild  erosive  gingivitis 

1910 31 Normal 5 4 Normal  gingiva 

*A1I  dental  roentgenogram.**  were  negative.  No  clinical  nor  histological  periodontal 
changes  during  the  disease. 

When  the  animals  reached  a  moribund  stage  they  were  sacrificed  and 

a  necropsy  was  performed.  (Jro.ss  findings  were  recorded,  jihotographs  and 

dental  roentgenograms  taken,  and  models  of  their  teeth  were  made.  Speci¬ 

mens  for  microscopic  study  were  taken  from  jaws,  teeth,  temporomandibu¬ 

lar  joints,  mesial  end  of  one  tibia,  and  from  the  following  visceral  or¬ 

gans:  lung,  jieribronchial  and  mesenteric  lym])h  nodes,  stomach,  liver, 

kidney,  spleen,  adrenals,  and  pancreas.  Hematoxylin  and  eosin  stains  of 

sections  were  utilized  for  examination  of  all  of  the  tissues.  Heidenhain’s 

modification  of  Mallory’s  connective  tissue  stain  was  used  to  study  sections  of 
jaws  and  joints  to  determine  the  jire.sence  of  changes  in  collagen  fibers.  Such 

chances,  if  present,  would  possibly  be  heljiful  in  an  attempt  to  explain 

eventual  lowered  jieriodontal  resistance  as  the  result  of  disease  with  acute  high 

fever.  The  seven  control  animals  were  sacrificed  and  examined  in  the  same 

way  as  the  experimental  animals. 
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FINDINGS  AND  INTERPRETATIONS 

The  case  reports  are  summarized  in  Table  I,  Visceral  changfes  typical  of 

high  fever  were  observed  in  all  of  the  experimental  animals:  acute  passive 

congestion  of  the  lungs  and  spleen,  degenerative  fatty  infiltration  of  the  liver 

(verified  by  fat  stain),  cloudy  swelling  of  the  kidneys,  catarrhal  gastritis  and 
colitis,  and  edema  of  peribronchial  and  mesenteric  lymph  nodes  were  present. 

Spinal  cord  sections  showed  evidence  of  poliomyelitis. 

(Jingival  changes  could  not  be  observed  clinically  during  the  experi¬ 

mental  period,  nor  did  histojiathologic  examination  of  specimens,  taken  be¬ 
fore  and  at  the  ultimate  stage  of  the  disease,  show  structural  changes  in  the 

periodontium.  A  slight  increase  of  materia  alba  on  the  teeth  was  observed  in 
the  terminal  stage  in  a  few  animals.  An  additional  number  of  monkeys  with 

FiR'.  1. — Monkey  No.  1919.  First  molar  (oriR.  mag.  XlOO).  Recent  trauma.  Hemorrhage  (A) 
and  necrosis  (B).  Evidence  of  resorption  and  repair  in  other  areas. 

severe  iiolioniyelitis  were  examined  to  clarify  this  observation,  but  the  in¬ 
crease  in  soft  debris  coating  the  teeth  was  not  a  constant  finding  and  the  dif¬ 
ference  in  quantity  was  slight,  and  therefore  a  definite  statement  cannot  be 
made  as  to  the  significance  of  this  observation. 

The  self-cleansing  of  the  teeth  by  mastication  of  food ;  the  flow  of  saliva ; 
and  the  movement  of  the  tongue,  lips,  and  cheeks  is  of  utmost  importance  in 

maintaining  the  oral  hygiene,  and  thereby  the  health,  of  the  gingival  tissues. 

In  severe  febrile  diseases  the  salivation  is  decreased  due  to  dehydration,  the 
food  intake  is  lowered  (requiring  less  chewing  action)  and  other  movements 

of  the  jaws  are  markedly  decreased — also  the  personal  oral  hygiene  is  often 
neglected  in  advanced  stages  of  systemic  disease.  This  would  all  be  con¬ 
ducive  to  increased  accumulation  of  materia  alba  on  the  teeth,  causing  a 



618 RAMFJOKD .1.  D.  R«. OctcAer,  1951 

A. 

H. 

Kig.  2. — A,  Monkey  No.  1910.  First  molar.  Small  area  of  trauma  In  bifurcation.  B,  High 
magniflcation  (orlg.  mag.  X120)  of  A.  Resorption  of  alveolar  bone,  degenerating  red  blood 
cells  from  previous  hemorrhage.  Young  granulation  tissue. 
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gingivitis  or  aggravating  an  existing  periodontal  disease.  Upper  respiratory 
disease  with  high  temperature  frequently  causes  nasal  ohstruction  and  mouth 

breathing,  resulting  in  gingivitis  and  pulpal  hyperemia.  Maxillary  sinusitis 

associated  with  upi)er  res})iratory  infection  causes  “sore  teeth.”  Increased 
nervous  tension  is  often  observed  in  the  terminal  stage  of  severe  illness  and  is 

manifest  by  an  increased  tendency  for  clenching  of  the  jaws  (Karolyi  effect). 
The  traumatic  injuries  to  the  pulp  and  the  periodontal  membrane  from  this 

process  will  cause  the  traumatized  tooth  to  feel  sore.  These  local  factors  are  dis¬ 
cussed  here  because  they  offer  a  plausible  explanation  for  the  claimed  rela- 
tionshii)  between  febrile  diseases  and  periodontal  disturbances. 

Fig.  3. — Control  monkey.  First  molar  (orig.  mag.  XI 20).  Resorption  of  alveolar  bone 
(/I).  Replacement  of  lost  bone  and  periodontal  membrane  by  vascular  loose  connective  tissue 
without  functional  orientation  (B).  Histologically  resembling  perioilontosis. 

One  of  the  most  important  and  extremely  varying  local  factore  is  the 
change  in  jierformance  and  efficiency  of  the  personal  oral  hygiene  during  a 
period  of  severe  disease.  The  exclusion  of  this  factor  in  experimental  animals 
increases  the  significance  of  the  findings  pertaining  to  systemic  factors  as  a 

pos.sible  cause  of  periodontal  disease.^* 
Various  stages  of  traumatism  were  observed  in  jaw  sections  from  monkeys 

in  the  experimental  and  control  groups  (Figs.  1,  2.,!  and  B,  and  3).  A  com¬ 

mon  location  for  these  traumatic  lesions  was  the  inter-radicular  space  of  the 
first  molars,  indicating  an  axial  force.  The  lesions,  conformed  histologi- 
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Fig,  4. — A,  Monkey  No.  1916.  First  molar.  Fvltlence  of  extensive  inter-radicular  trauma. 
Hemorrhage.  Calcific  deposits,  resorption  of  bone,  and  fibrosis  of  marrow  spaces.  Widening 
of  the  periodontal  spaces.  Widening  of  periodontal  space  In  the  cervical  region.  B,  High 
magnification  of  A  (orig.  mag.  XI 00).  Recent  trauma  (A).  The  rest  of  the  picture  shows 
healing  stage  of  traumatism,  resembling  periodontosis. 
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cally  to  the  description  in  the  literature  of  traumatic  periodontal  in¬ 

juries.®’  *®’  Thrombosis,  hemorrhage,  degeneration,  necro¬ 
sis,  bone  and  root  resorption,  calcific  deposits,  and  hyalin  changes  constituted 

the  early  manifestations*’  (Figs.  1,  2B,  4A). 
The  healing  stage  of  traumatic  lesions  in  numerous  areas  showed  features 

which  resembled  the  commonly  accepted  picture  of  “diffuse  atrophy  of  the 
alveolar  bone”  or  periodontosis.*’  A  widespread  resorp¬ 
tion  of  alveolar  bone,  sometimes  extending  into  the  supporting  bone,  was 

observed  (Figs.  3  and  4A).  Fragments  of  degenerating  periodontal  fibers  were 
seen  in  loosely  arranged  vascular  granulation  tissue  which  extended  into  the 

adjacent  marrow  spaces  (Figs.  3,  AB,  and  5).  No  difference  in  susceptibility  to 

these  lesions  was  noted  in  comparing  experimental  and  control  animals.  A  sec¬ 
tion  of  a  human  tooth  showing  the  same  type  of  traumatic  i)eriodontal  changes 

is  included  for  comparison  (Fig.  6). 

KIr.  5. — Tuberculous  monkey.  First  molar  (orlg.  mag.  XI 20).  Repair  following  traumatic  in¬ 
jury.  Remains  of  oi(i  fibers  in  iooseiy  arranged  vascular  granulation  tissue. 

It  has  been  suggested  by  Haupl  and  others'®’®*’  ®®’  **  that  the  histopathologic 
findings  which  frottlieb,  Orban,  Weinmann  and  others'®’  ”’  *'’  **’  ®®  have  de¬ 
scribed  as  being  pathognomonic  of  i)eriodontosis  are  manifestations  of  occlusal 

trauma.  In  my  investigation  of  the  periodontium  of  rhesus  monkeys  these 

traumatic  changes  resembling  degeneration  have  been  observed  in  monkeys 
suffering  from  severe  tuberculosis  (Fig.  5)  and  alloxan  diabetes,  as  well  as  in 
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Kik-  S. — Human  lateral  lower  incisor  (orig.  mag.  X65).  Severe  traumatic  occlusion  with 
cemental  tears.  Only  small  remaining  bundles  of  periodontal  fibers.  Most  of  the  periodontal 
space  filled  with  loose  unorganized  connective  tissue  extending  into  the  adjacent  marrow 

spaces.  Weil-developed  alveolar  crest  fibers. 

Fig.  7. — Monkey  No.  1910.  Various  stages  of  root  resorption.  Inter-radicular  anti  cervical 
evidence  of  traumatism.  Cllngivitis  between  the  deciduous  teeth. 
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the  control  animals.  If  the  changes  had  not  been  observed  simultaneously  in 
the  experimental  and  in  the  control  animals  there  would  have  been  a  po.ssibility 

of  falsely  interpreting  the  periodontal  changes  as  due  to  the  systemic  diseases. 

Deciduous  teeth  in  various  stages  of  root  resorption  showed  traumatic 

lesions  both  in  the  inter-radicular  and  cervical  region  (Figs.  7,  9.1,  9B).  As 
a  group  the  deciduous  teeth  showed  more  advanced  gingivitis  than  the  per¬ 
manent  teeth  (Fig.  7)  and  the  extent  of  the  gingival  inflammation  appeared  to 

increase  with  decrease  in  the  length  of  the  remaining  roots  (Fig.  8).  This  ob¬ 
servation  indicated  that  the  increase  in  traumatic  periodontal  damage  in  teeth 

with  short  remaining  roots  contributed  to  an  increased  gingival  inflammation 

by  disturbing  the  blood  supply  and  tis.sue  metalmlism,  thereby  lowering  the  re¬ 
sistance  to  infection  and  other  local  irritants. 

Fi>r.  8. — Extent  of  jeriiif^ival  inflammation  increased  with  decreasing  length  of  the  remaining 
roots.  Trauma  has  led  to  fracture  of  mesial  root  of  flrst  deciduous  molar  and  periodontitis. 

Sjiecial  stains  for  collagen  proved  to  be  of  limited  value  in  the  detail  study 

of  collagenous  fibers  because  these  stains  are  influenced  by  factors  which  can¬ 

not  be  satisfactorily  .standardized  in  jaw’  sections  containing  teeth.  Several 
sections  from  experimental  and  control  animals  showed  artifacts  closely  re¬ 
sembling  the  fragmentation  and  degeneration  of  collagen  fibers  which  have 

been  described  as  being  characteristic  of  periodontal  changes  seen  in  systemic 

disease.*®  A  birge  number  of  sections  from  each  specimen  should  be  stained 
before  an  evaluation  is  attempted. 

CONCLUSIONS 

1.  No  changes  attributable  to  poliomyelitis  were  ob.served  in  the  perio¬ 
dontium  of  nineteen  rhesus  monkeys  having  the  disease. 

2.  Special  connective  tissue  stains  did  not  reveal  any  .structural  changes  in 

the  collagenous  fibers  in  joint  or  periodontal  tissues  of  monkeys  with  severe 
poliomyelitis. 

3.  An  assiiciiition  was  noted  between  accumulation  of  debris  on  the  teeth 

and  gingivitis. 

4.  (iingivitis  was  observcil  more  freciuently  and  found  to  be  more  .severe 
around  deciiluons  than  permanent  teeth. 
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5.  An  inverse  relationship  was  observed  between  the  length  of  the  root 
of  the  deciduous  teeth  and  the  degree  of  gingival  inflammation. 

6.  The  increase  in  incidence  and  severity  of  periodontal  diseases  which  has 

been  claimed  to  accompany  febrile  diseases  is  possibly  due  to  increased  local  ir¬ 
ritation,  mainly  because  of  poor  oral  hygiene,  during  the  period  of  systemic 
illness. 

7.  The  healing  stage  of  certain  traumatic  lesions  resembled  the  description 

of  diffuse  alveolar  atrophy  or  periodontosis. 

Acknowledgement  is  made  to  Miss  Edna  Mallory  for  preparing  the  histological  sections 

and  to  Miss  Winnifred  Arnold  for  taking  the  photomicrographs. 
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LYMPHOCYTES  IN  THE  EPITHELIUM  OF  THE  HEALTHY 
GINGIVA 

MARTIN  CATTONI,  D.D.S.,  M.S.D. 

Oral  Pathology  Department,  Northwestern  University  Dental  School,  Chicago,  III. 

Lymphocytes,  in  small  numbers,  are  conceded  by  most  investigators  to j  be  normal  constituents  of  the  connective  tissue.  However,  there  is  not 

unanimity  of  opinion  in  regard  to  the  meaning  of  the  presence  of  this  slight 
lymphocytic  infiltration  of  the  connective  tissue  underlying  the  epithelium  of 

the  gingiva.  Skillen^  has  shown  that  as  soon  as  a  crevice  forms,  regardless  of 
its  depth,  infiammation  occurs  in  the  subepithelial  or  periodontal  tissue. 

ChurchilP  stated,  “Although  no  clinical  symptoms  necessarily  accompany  the 
deepening  of  the  crevice,  we  routinely  observe  in  our  sections  of  so-called  healthy 
marginal  structures,  a  small  round  cell  infiltration  at  the  crevice  bottom,  point¬ 

ing  to  a  chronic  infiammatory  reaction.”  Orban®  in  a  clinical  and  histological 
study  of  the  gingiva  found  that  the  free  gingiva  is  infiltrated  even  in  those 

specimens  which  appeared  normal  clinically.  Gallardi*  regards  the  presence  of 
lymphocytic  infiltration  as  normal. 

The  literature  dealing  in  general  with  the  migration  of  lymphocytes  in  the 

epithelium  is  very  extensive.  Stohr,®  Brieger  and  Giirke,®  Renn,^  Heilman,® 
Weidenreich,®  Hammerschlag,*®  among  others  studied  the  penetration  of  lympho¬ 
cytes  throughout  the  different  layers  of  the  epithelium.  This  invasion,  ac¬ 

cording  to  Brieger  and  Gbrke,®  is  the  consequence  of  a  toxic  stimulus.  Renn^ 
stated  that,  being  a  con.stant  occurrence  in  the  epithelium,  he  considered  this 

invasion  as  a  normal  process.  According  to  Jolly”  a  symbio.sis  exists  between 
the  e])ithelium  and  the  l\nnphocytes. 

The  constant  presence  of  lymphocytes  in  the  connective  tissue  of  all  the 
specimens  we  have  studied,  and  the  fact  that  lymphocytes  have  been  seen  by 

others  to  migrate  into  the  epithelial  layers  in  various  locations,  motivated  this 

cj^tological  study  of  the  epithelium  of  healthy  gingivae. 
The  gingiva  is  one  of  the  most  interesting  and  important  tissues  of  the 

oral  cavity  and  gradually  is  achieving  the  significance  it  deserves.  The  strati¬ 
fied  squamous  epithelium  of  the  gingiva  is  well  known  to  histologists.  Every 
textbook  describes  the  layers  of  the  epithelial  cells  with  intercellular  bridges 

and  beneath  the  epithelium,  the  papillae  of  the  connective  tissue.  The  blood 

supply  to  the  connective  tissue  is  known,  as  is  the  nourishment  of  the  epithelium 

by  the  lymph.  The  gingiva  has  been  the  object  of  a  great  number  of  morpho¬ 
logical  and  physiological  studies,  yet  it  has  not  been  described  as  a  site  of 

lymphocytic  migration.  In  the  oral  cavity,  the  gingiva  is  constantly  under  the 
action  of  minor  trauma  and  a  low  degree  of  irritation  related  to  the  presence 

of  bacteria,  debris  within  the  sulci  around  the  teeth,  and  mastication.  The 

condition  of  the  epithelium  in  the  gingival  crevice  is  of  prime  importance,  and 

as  Lundquist”  stated,  “It  is  significant  that  the  gingival  crevices  seldom  have 
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an  intact  epithelial  cover.  As  a  result,  diflPerences  in  the  reactivity  of  the  epi¬ 
thelium  lining  the  soft  tissue  side  of  the  crevice  seem  to  determine,  in  a  large 

measure,  the  liability  to  gingival  and  periodontal  involvement.  Under  the  fore¬ 
going  conditions,  the  bacteria  or  their  toxic  elements  constantly  seep  through 
to  produce  low  grade  inflammatory  processes  in  the  underlying  connective 

tissue.” The  question  of  the  lymphocytes  and  of  their  response  to  outside  stimuli 

has  been  raised  most  frequently  during  the  process  of  inflammation  in  which 
they  play  such  a  prominent  role.  The  clinical  picture  of  inflammation  has  been 

gradually  transformed  into  a  biological  concept  which  considers  inflammation 
as  a  defense  reaction  which  is  more  or  less  uniform  throughout  the  whole 

animal  kingdom. 

The  lymphocytes  have  been  studied  so  extensively  and  the  literature  is  so 
voluminous  that  it  has  seemed  inadvisable  to  attempt  a  review  of  the  subject. 

Some  of  the  main  a.spects  will  be  indicated  briefly  in  connection  with  our  prob¬ 
lem.  The  lymphocytes  are  found  in  the  blood  stream,  in  lymphatic  tissue,  in 

the  exudate  of  the  serous  cavity,  in  the  red  pulp  of  the  spleen,  and  in  the  cere¬ 
brospinal  fluid.  Further,  the  normal  loose  connective  tissue  always  contains  a 

varying  number  of  ameboid  wandering  cells. 

Among  the  various  authors  who  have  studied  the  presence  of  lymphocytes 

in  the  epithelium,  Schaffer^*  made  a  very  good  review  and  presented  a  most  ex¬ 
tensive  bibliography.  He  mentioned  the  presence  of  lymphocytes  in  the  epi¬ 
thelium  of  the  esophagus,  intestine,  trachea,  various  glands  and  their  ducts, 

uterus,  oviduct,  vagina,  ureter  and  bladder,  tongue,  upper  lip,  epididymis, 

cloacal  epithelium  (in  rays)  and  ei^idermis.  Polak’^  using  one  of  the  varia¬ 

tions  of  Del  Rio  Hortega’s  stains,  has  shown  in  the  tonsil  the  close  relationship 
between  lymphocytes  and  epithelium.  More  recently,  Andrew  and  his  col¬ 

laborators,’®'^"  studied  the  presence  and  behavior  of  the  lymphocytes  in  the 
intestine,  trachea,  and  epidermis. 

There  appears  to  be  no  mention  in  the  literature,  so  far  as  we  have  found, 

of  the  presence  of  lymphocytes  in  the  epithelium  of  the  gingiva.  Considering 

the  widespread  occurrence  of  lymphocytes  through  the  epithelium  in  various 

parts  of  the  body,  it  seems  surprising  that  this  matter  has  not  received  more 
attention  in  the  study  of  the  gingiva. 

MATKRIAL  AND  METHODS 

The  present  study  is  based  upon  the  investigation  of  50  gingival  human 
biopsy  specimens  from  patients  ranging  in  age  from  13  to  55,  taken  from  various 

gingival  regions  of  both  jaws.  Biopsies  from  dogs  were  also  studied.  The  sub¬ 
jects  chosen  had  no  evident  i)athological  condition  in  the  i)eriodontal  tissues. 

In  the  human  material  before  the  biopsies  were  performed,  a  careful  study  of 
the  clinical  conditions  of  the  mouth  was  made  and  all  functional  movements 

of  each  patient  were  checked,  so  as  to  obtain  a  more  complete  picture  of  the 

over-all  functioning  of  the  teeth.  Also  full  mouth  radiographs  were  taken. 
The  biopsies  were  taken  after  measununent  of  the  sulcus.  The  average  depth 
of  the  sulci  was  2  mm.  In  the  interproximate  space  a  horizontal  incision  was 
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made  a  little  beyond  the  bottom  of  the  suleus.  Care  was  taken  not  to  traumatize 

the  tissues  and  immediately  after  removal,  the  material  was  washed  and  placed 

in  10  per  cent  formalin  and  Zenker-formal  solution.  After  fixation,  the  tissues 

were  dehydrated,  cleared  and  embedded.  Paraffin  and  e.v.  nitrocellulose  em¬ 

bedding  were  used.  Labio-  and  bueco-lingual  sections  were  cut  at  an  average 

of  6  microns  for  paraffin  and  10  microns  for  nitrocellulose,  and  mounted  serially. 

The  staining  methods  used  were  hematoxylin-eosin,  Ileidenhain’s  iron  hema¬ 
toxylin,  and  that  of  Maximow,  viz.,  hematoxylin  followed  by  the  azure-eosin 
combination.  The  sections  were  studied  largely  with  the  immereion  lens. 

OBSF.RV.VTIOXS 

The  general  appearance  of  the  lymphocytes  before  they  entered  into  the 

epithelium  was  very  similar  to  that  seen  in  blood  or  connective  tissue  in  other 

parts  of  the  body.  The  shape  was  more  or  less  spherical  and  presented  the 

characteristic  i)icture  of  a  thin  shell  of  cytoplasm  enclosing  a  comparatively 

large  nucleus. 

Relatively  few  lymphocytes  were  found,  but  their  presence  was  constant 

in  all  of  the  specimens  studied.  They  penetrated  the  basal  cell  layer  of  the 

epithelium  of  the  gingiva,  thus  entering  into  the  intercellular  spaces.  Here 

they  fitted  themselves  between  the  epithelial  cells.  It  appears  as  though  these 

cells  were  pres.sed  upon  by  the  lymphocytes,  and  deep  impres.sions  in  the  epi¬ 
thelial  cells  were  made. 

In  the  process  of  emigration  from  the  lamina  propria  throughout  the  basal 

layer  lymphocytes  showed  decided  variations  in  the  shape  of  their  nuclei  and 

cytoplasm,  but  at  times  the  migration  was  accomplished  with  slight  changes  in 

cell  area  and  morphology.  In  their  pa.ssage  through  the  basal  cell  layer,  cyto¬ 
plasm  and  nucleus  were  drawn  out  into  long  irregular  shapes.  Slender  pointed 

piwesses  were  projected  between  the  epithelial  cells.  Some  of  the  cells  showing 

a  small  amount  of  ameboid  cytoplasm  in  front  were  sometimes  so  small  as  to 

be  scarcely  visible.  They  were  overshadowed  by  the  epithelial  cells.  There  was 

usually  more  cytoplasm  than  in  the  normal  lymphocyte.  .The  nuclear  region 

was  often  the  broadest  part  of  the  cell,  but  the  nucleus  itself  was  very  plastic 

and  followed  the  changes  of  the  cytoplasm  in  their  ameboid  movement.  The 

cell  assumed  an  elongated,  twisted  appearance. 

As  soon  as  the  lymphocytes  adapted  themselves  between  the  epithelial  cells, 

they  recovered  their  normal  shape.  However,  there  was  usually  more  cyto¬ 

plasm  than  for  those  seen  in  the  connective  tis.sue.  The  entire  body  of  the  cell 

seemed  to  increase  in  size.  It  ai)peai's  that  the  size  of  lymphocytes  is  governed 
hy  the  distribution  of  nucleus  and  cytoplasm.  The  large  lymphocytes  have 

relatively  more  cytoplasm  than  the  smaller  cells  in  which  the  cytoplasm  forms 

a  thin  ring  around  the  nucleus.  The  epithelial  cells  surrounding  the  lympho¬ 

cytes  showed  no  changes  in  the  cytoplasm  or  in  the  nucleus,  but  did  show 

changes  in  shape  due  to  mechanical  pressure  of  the  lymphocytes  trying  to  mi¬ 

grate  between  them.  The  distinction  between  the  epithelial  cells  and  the 

lymphocytes  is  very  marked.  The  lymi)hocytes  in  the  basiil  layer  are  clearer. 
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I'luler  resting  eoiiditions,  the  lyinjihoeytes  are  comj)osed  almost  entirely  of 
nucleus,  and  probably  the  increase  in  size  in  the  cytoplasm  may  be  due  to  their 

having  insufficient  cytoplasm  to  send  out  pseudopodia.  In  some  cases  the 

nuclear  membrane  was  iiulented,  especially  towards  the  surface  of  the  epi¬ 

thelium.  There  was  a  predominately  basal  jmsition  of  the  lymphocytes.  A 
lymphocyte  beyond  the  juickle  cell  layer  of  the  epithelium  was  rarely  observed. 

Kig.  1. — Lyniphot-yte  migrating  through  basal  membrane.  Haif  of  the  body  cell  is  in 
connective  tissue  and  half  in  epitheiium.  The  shape  of  the  cell  is  altered  from  its  normai  round 
to  a  more  flattened  shape.  The  epithelial  cells  are  pressed  by  the  migratory  lymphocyte. 

Harris'  hematoxylin-eosin.  Orig.  mag.  X1210. 

l''ig.  2. — Lymphocyte  in  basal  membrane  layer  of  epithelium.  It  shows  large  clear  cyto- 
plasniatic  body.  Harris’  hematoxylin-eosin.  t)rig.  mag.  XI 210. 

All  the  lymphocytes  were  intercellular  in  ])osition.  There  was  a  decided 

diff'erenve  between  the  lymphocytes  basally  located,  especially  those  passing  the 
first  layer  of  cells  in  the  epithelium,  and  those  that  were  in  the  middle  of  the 

epithelium.  There  was  a  much  greater  effect  on  the  neighlioring  cells  in  most 
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instances  in  the  basal  cell  layer.  The  nucleus  very  often  was  surrounded  by 

a  very  large,  clear  space  or  “vacuole”  that  caused  a  great  deformation  of  the 
adjoining  epithelial  cells,  pressing  the  cytoplasm  and  the  nucleus  entirely  out 

of  shape.  Neither  mitoses  nor  amitoses  was  observed  in  the  lymphocytes. 

DISCUSSION 

The  {ihysiological  meaning  of  the  migration  and  penetration  of  the  lympho¬ 
cytes  into  the  epithelium  cannot  be  interpreted  as  being  accidental  sinee  this 
is  a  general  occurrence  found  in  various  epithelia.  One  of  the  most  outstanding 

KIk.  — SiiihII  lyiiipluH-yte  with  large  cytoplaanmtic  boily  In  basal  layer  of  the  epithelium. 
.\.(IJoining  epithelial  cells  have  b«*eii  ileformed  by  the  lymphocyte.  In  right  upper  angle,  a 
larger  lymphcK-yte  with  normal  cytoplasm  is  shown  In  connective  tissue.  Hematoxylin-eosln. 
Orig.  mag.  Xl-H*. 

KIg.  4. — l.ympluKyte  probably  at  rest.  .No  change  in  shape.  Intercellular  position  is 
clear.  Hematoxylin-eosln.  Orig.  mag.  XI -HI. 

features  of  this  type  of  cell  is  its  clo.se  as.stK*iation  in  many  parts  of  the  laxly  and 
its  interposition  between  the  lumen  of  various  organs  and  the  underlying  con¬ 
nective  tis.sue  or  at  the  beginning  of  the  lymphatic  system  in  those  organs.  Its 

Ix'havior  is  probably  different  in  tlifferent  organs,  depending  upon  a  si>ecific 
stimulus  or  by  the  intliienee  of  the  environment  or  by  Ixith. 
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In  interpreting  the  presence  of  lymphocytes  in  the  epithelium  of  the 
fringiva,  the  question  arises  as  to  the  significance  of  the  lymphocytic  migration 

through  the  epithelium  and  as  to  their  function. 

Mobility  was  fii'st  described  in  these  cells  in  the  amphibians  by  Ranvier** 

and  in  the  mammals  by  Arnold,^*  Maximow, Askanazy^^  and  has  since  been 
confirmed  by  a  great  number  of  investigators. 

Lewis  and  Webster,*"’  Sabin,*®  McCutcheon,*^  Henderson**  among  others, 
have  noted  that  lymphocytes  are  capable  of  ameboid  movement.  Lewis*®  has 
shown  that  the  mode  of  the  lymphocytic  migration  is  essentially  similar  to  that 

of  the  ameba.  Ebert,  Sanders,  and  Florey*'*  observed  in  chambers  inserted  into 

the  rabbit’s  ear  that  lymphocytes  were  very  active  motile  cells.  They  found 

that  “they  are  often  quite  as  active  as  polymorphos,  though  the  most  active 

l)olymori)hos  moved  more  rapidly.’’ 
These  cells  are  normally  present  in  the  connective  tissue  and  within  the 

blood  vessels  and  lymphatics.  In  the  gingiva  the  lamina  propria  carries  both 

blood  and  lymphatic  capillaries  close  to  the  epithelial  surface,  particularly  in 

the  papillae  that  project  into  the  epithelium.  From  the  present  study  it  seems 

clear  that  the  lymphocyte  is  a  common  type  of  cell  found  in  the  epithelium  of 

the  healthy  gingiva.  According  to  other  investigators  it  possesses  ameboid 

motion  and,  therefore,  it  is  not  unlikely  that  lymphocytes  enter  the  epithelium 
by  ameboid  motion. 

Their  small  number  may  be  accounted  for  by.  the  fact  that  under  normal 
conditions  the  number  of  cells  in  the  connective  tissue  is  small  and,  therefore, 

their  neoformation  is  slight.  In  this  passive  resting  condition,  the  developmental 

jiotencies  of  the  cells  for  the  most  part  remain  latent  and  their  mutual  inde¬ 
pendence  is  not  manifest. 

The  normal  function  of  the  lymphocyte  as  a  cell  is  a  question  which  appar¬ 

ently  has  not  been  solve<l.  In  general,  there  are  two  schools  of  thought  con¬ 
cerning  the  function  of  the  lymphocytes.  The  first  regards  the  lymphocyte  as 

a  multii)otential  or  embryonic  cell.  One  consequence  of  this  view  is  the  accept¬ 
ance  of  a  Unitarian  theory  of  blood  histogenesis.  The  second  school  denies  that 

the  lymphocyte  po.s.ses.ses  developmental  i)otencies  and  regards  it  as  a  mature 

and  fully  differentiated  cell.  One  of  the  most  important  problems  of  lymphocyte 

behavior  thus  center’s  around  the  question  of  whether  or  not  the  lymphocyte 

is  capable  of  undergoing  transformation  into  other  cell  types.  Andi’ew  aird 
Andrew'*’  ”  describe  the  po.s.sible  ti’ansformation  of  lymphocytes  into  epithelial 
cells  in  their  .studies  of  the  presence  and  role  of  the  lymphocytes  in  the  normal 

epidermis.  They  de.scribe  a  “clear  cell’’  as  a  transitional  form  betw'een  the 
lymphocyte  and  the  epithelial  cell,  and  suggest  the  possibility  of  the  same  role 

of  the  lymphocytes  in  the  oviduct,  trachea,  vagina,  tongue  and  esophagus,  whose 

epithelia  show  the  same  type  of  clear  cell  and  lymphocytes.  In  our  material 

the  “clear  cell’’  type  was  seen  in  all  the  specimens.  Further  transformation 
of  the  lymphocytes  was  not  possible  to  detect  and  no  lymphocytes  were  seen  in 
the  superficial  layer. 
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The  transformation  of  lymphocytes  into  other  cell  types  has  been  shown 

on  sections  and  on  tissue  culture.  Maximow®*'®®  and  Bloom®^'®"  have  demon¬ 
strated  the  development  of  lymphocytes  into  polyblasts  and  fibroblasts  and 

that  the  monocytes  develop  by  individual  transformation  of  the  Ijunphocytes. 

Maximow,*®’  ®*  Weidenreich,®®  Downey  and  Weidenreich,*®  Bergel,**  and  Jor¬ 

dan,^*  among  others,  also  believe  that  monocytes  develop  from  h’mphocj'tes. 

Kis.  5. — lymphocyte  in  .spinous  cell  layer.  No  chanffea  in  aiijoining  epithelial  cells. 
Heinatoxylin-eosin.  Orijf.  mag.  XI 210. 

Kig.  6. — Kyntphocyte  close  to  .superficial  layer.  It  shows  large  “vacuole”  anil  Inilentations 
in  nucleus.  Heldenhain's  iron  hematoxylin.  Orig.  mag.  X800. 

Bloom,^®  and  Kingsbury^^  have  shown  that  the  small  lympho<*ytes  may  develop 
iuto  polymorphonuclear  granulocytes.  The  development  of  plasma  cells  from 

lymphocytes  is  admitted  by  practically  all  investigators,  even  extreme  dualists 

as  Schridde*®  and  Naegeli.**  However,  in  spite  of  all  the  facts  aliTady  learned 
in  regard  to  their  multipotcntiality,  in  our  study  we  are  rather  skeptical  toward 
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conclusions  as  to  the  lyini)hocytes  bein{>:  transformed  into  e]nthelial  cells,  con¬ 
sidering  that  we  studied  fixed  material,  and  we  are  especially  skeptical  since 

such  transformations  yielded  a  variety  of  conflicting  views  as  to  the  different 

germ-layer  origin  of  both  types  of  cells. 

It  has  been  mentioned  that  the  lymphocytes  need  a  special  stimulus  in 
order  to  develop  their  migratory  capacity.  The  fact  that  lymphocytes  are 

found  in  inflammatory  exudates  has  been  taken  by  Askanazy^'  and  others,  as 
evidence  that  they  have  been  chemotropically  attracted.  Neither  in  the  litera¬ 
ture,  nor  in  experiments  has  any  direct  evidence  been  found  that  lymphocytes 
exhibit  chemotropism.  Although  there  are  many  reports  in  the  literature  that 

state  to  the  contrary,  Maximow,^**  Clark  and  Clark,^®  Shade  and  Mayr,®”  Mc- 
Cutcheon,  AVartman,  and  Dixon,®*  and  Dixon  and  AlcCutcheon®*  have  shown 
that  lymphocytes  do  not  exhibit  chemotropism. 

In  attacking  the  jiroblem  from  another  angle,  it  is  difficult  not  to  be  in¬ 
fluenced  by  the  ])roblem  of  immunity  on  account  of  the  countless  number  of 
bacteria  and  their  toxins  in  the  sulcus. 

The  concept  of  inflammation  has  greatly  changed  during  the  last  century. 
Whereas  formerly  attention  was  focused  on  the  circulatory  phenomena  which 

dominate  the  clinical  picture,  the  vascular  response  is  now  recognized  as  merely 

a  preliminary  reaction  designed  to  deliver  certain  leucocytes  and  to  stimulate 

the  production  of  othei-s.  The  e.s.sential  phase  of  inflammation  is  concerned 
with  the  de.struction  of  antigen  and  the  synthesis  of  antibody.  It  is  a  bio¬ 
chemical  phenomenon  due  to  the  action  of  enzymes  contained  in  the  various 

leucocytes.  There  are  several  pai)ei-s  in  the  literature  describing  the  presence 
of  enzymes  in  the  lymphocytes  but  the  results  are  by  no  means  uniform.  We 

are  aware  of  the  fact  that  bacteria  are  constantly  being  taken  info  the  system 

from  the  alimentary  and  respiratory  tracts.  These  bacteria,  pathogenic  or 
non  pathogenic,  are  destroyed  in  the  various  tissues  and  organs  to  which  they 

may  be  carried  by  the  lymph  and  blood  stream.  Normally,  the  intake  of  bacteria 

is  relatively  slight  and  the  exercise  of  what  ai'e  strictly  the  physiological  func¬ 
tion  of  the  cells  is  bringing  about  the  destruction  of  the  same  leads,  we  may 
be  a.s.sured  of  no  disturbance. 

Under  the  best  conditions  there  is  doubtless  a  continuous  cellular  in.jury 

in  the  gingiva,  and  the  presence  of  lymphocytes  may  be  })erha])s  merely  one 
form  of  reparative  respon.se  to  the  minor  traumatism.  Probably  by  affixing  or 

absorbing  toxins,  they  may  contribute  to  the  local  immunity  to  toxins  produced 
by  bacteria  in  the  gingival  sulcus. 

A  number  of  investigations  have  been  rei>orted  in  recent  yeai-s  on  the  site 
of  formation  of  antibodies  and  the  cells  concerned  with  these  proces.ses.  It  was 

suggested  that  lymphocytes  may  have  been  an  imimrtant  part  in  the  formation 

of  antibodies.  In  the  dige.stive  and  respii-atory  tracts  relatively  large  mas.ses 

of  lymphatic  tissue  are  seen  and  perhaps  they  lu'oduee  antibodies  to  combat 
organisms  that  are  present.  Perhaj)s  a  rea.son  for  the  |>rest*nce  of  lymphatic 
tissue  near  the  beginning  of  the  dige.stive  and  respiratory  tracts  is  that  in  this 
po.sition  they  produce  antibodies  before  the  organisms  penetrate  further  into 

dm 
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either  tract.  This  conception  of  toxin  fixation  by  lymphocytes  appears  to  be 

supported  also  by  the  lymphoid  reaction  in  many  pathological  cases  where  it 

appears  that  this  tissue  furnishes  both  a  mechanical  and  a  chemical  filtration 

for  the  lymph,  Marchand®^  stated,  “It  is  very  probable  that  the  defense  func¬ 
tion  of  the  lymph  nodes,  especially  their  capacity  of  reducing  the  virulence  of 

pathogenic  microorganisms  is  partly  due  to  the  activity  of  the  lymphocytes.” 
Von  Ebner®*  showed  a  photomicrograph  of  a  specimen  of  a  3i/^-year-old 

child  in  which  there  was  no  pocket,  and  described  the  lymphocytic  infiltration 

underneath  the  epithelium  as  a  lymphoid  organ.  Retterer,®*  and  Vincent®® 

claimed  that  tbe  gingiva  contain  lymphoid  follicles  (“tonsille  gingivale”). 
Erausquin  and  Carranza®^  described  the  lymphocytic  infiltration  that,  according 
to  Siegmund,®®  is  the  normal  lymphocytic  reaction  of  the  organs  adapted  by 

immunization.  According  to  Ilaiipl  and  I^ang®®  this  is  an  inflammatory  reaction. 
All  available  evidence  seems  to  point  to  a  defense  reaction  process,  and 

the  best  explanation  of  the  function  of  the  lymphocytes  during  the  process  of 
passage  through  the  epithelium  of  the  gingiva  seems  to  be  that  they  are  in 

some  way  “defense”  cells.  This  is  in  accord  with  their  location  and  with  the 
function  of  the  lymphoid  tis.sue  throughout  the  body.  However,  the  relation¬ 
ship  of  the  lymphocytes  and  the  epithelial  cells,  and  the  possible  changes  and 
ultimate  fate  of  such  lymphocytes  will  be  a  problem  for  future  study.  The 

function  of  the  lymphocytes  is  still  a  matter  for  much  investigation  and  ideas 

of  their  function  are  subject  to  controversy. 

SUMMARY  AND  CONCLUSION 

1.  The  present  study  has  confirmed  the  presence  of  lymphocytes  in  the 

epithelium  of  healthy  gingiva. 

2.  The  great  majority  of  lymphocytes  are  located  in  the  basal  cell  layer 

of  the  epithelium.  The  prickle  cell  layer  also  shows  the  presence  of  lymphocytes. 

3.  Most  of  the  lymphocytes  undergo  changes  in  the  nucleus  and  the  cyto¬ 
plasm.  These  changes  consist,  in  most  instances,  of  increases  in  amount  of  the 

cytoplasm. 

4.  All  the  lymphocytes  found  were  intercellular  in  position. 

5.  Neither  mitotic  nor  amitotic  figures  were  found  in  the  lymphwytes. 

6.  Although  there  is  practically  no  evidence  of  lymphocytes  in  either  the 

tissues  or  blood  of  the  normal  organism  carrying  out  any  function,  there  are 
many  observations  on  the  behavior  of  these  cells  in  inflammation  that  seem  to 

indicate  that  the  lymphocytes  may  be  “defense”  eells. 
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APPARATUS  FOR  EXAMINATION  OF  THE  SO-CALLED 
ALVEOLO-DENTAL  JOINT  OP  THE  RAT 

,  E.  ZWIRNER,  DR.  MED.  HADIL.,  DR.  MED.  DENT. 

Cologne  Univeriiity,  Germany 

The  nature  of  the  eonneetion  between  the  teeth  and  jaws,  the  so-called alveolo-dental  joint,  has  been  i)oorly  investigated  because  it  is  difficult  to  ex¬ 
amine.  However,  it  is  important  becau.se  of  the  possibilities  in  maxillary  ortho- 
I)edics  and  i)artial  denture  construction  offered  by  better  knowledge  of  this 
attachment. 

An  apparatus  which  enlarges  several  thousand  times  has  been  devised  to 
make  visible  the  movements  of  the  molars.  The  principle  of  the  method  is 

based  on  the  fact  that  the  displacement  of  a  tooth  under  strain  will  produce 
variations  of  capacity  in  a  small  condensor.  These  varying  frequences  are 

transformed  and  made  visible  on  the  screen  of  a  cathode  ray  oscillograph 

(-  C.R.O.)  and  recorded  photographically.  The  apparatus  has  been  used  on 
the  denuded  jaw  bone  of  the  rat. 

The  apparatus  (Fig.  1)  is  arranged  as  follows:  A  small  appliance  (1)  holds 

the  jaw,  fixed  in  any  recpiired  position,  embedded  in  quick-setting  cement. 
Strain  is  produced  by  two  arms  arrayed  horizontally  (2).  The  lower  moveable 

arm  apj)lies  pressure  which  may  be  produced  mechanically  or  elect romagneti- 
cally,  while  the  upper  arm  provides  the  corresponding  point.  At  the  end  of  each 
arm  is  a  foil,  the  two  forming  a  condensor.  Their  distances  can  be  adjusted 

to  0.5  IX,  checked  by  a  micrometer.  When  the  tooth  yields  to  strain  the  distance 

between  the  foils  and,  therefore,  the  capacity  of  the  condensor  will  vary.  The 
condensor  is  attached  to  the  o.scillator  (3)  by  a  .short  insulated  cable.  From 

this  self-contained  o.scillator  insulated  cables  lead  to  the  recording  instrument 

(4).  The  latter  will  supply  rectangular  oscillations  with  amplitudes  pro- 
j)ortional  to  the  variations  in  the  capacity  of  the  condemsor.  This  alternating 
current  is  conducted  to  the  detlecting  plates  of  the  Braun  electron  tube  of  a 

('.!{.().*  (8)  and  made  visible  on  the  tube  screen.  Recording  is  effected  by  a 
mirror  reflex  camerat  (9)  for  single  photographs,  a  photostatic  device  (10) 

being  connected  with  the  circuit.  For  taking  serial  photographs  recording 

camera  j;  (11)  is  used. 

A  high  frecpiency  vibrator  (G)  supplies  impulses  which  interrupts  the 
picture  on  the  screen  by  lines  at  regular  intervals.  The  instrument  may  be 

Read  at  the  Congress  of  the  (ierinan  Society  for  Dental  Oral-Maxillary  Therapeutics. 
Stuttgart,  1950. 

Received  for  publication  Feb.  28,  1951. 

•Manufactured  by  Phillips  Company. 
tRolleiflex  Camera. 

tZeiss  Ikon. 
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cheeked  by  a  sound  generator  of  50  cycles  (12)  controlled  by  a  tuning  fork. 
A  switchboard  (5)  regulates  the  intensity  and  duration  of  the  pressure  on 
the  tooth  being  examined. 

The  following  are  the  advantages  of  the  method:  (1)  No  mechanical  forces 

which  might  distort  the  recording  process  are  applied  to  the  condenser  and 

heavy  insulation  safeguards  against  external  influences  on  the  capacity.  (2) 
The  ai)pliance  is  very  sensitive,  any  deviation  from  the  distance  of  0.1  mm.  at 

the  condensor  plates  being  amplified  5,000  times  on  the  C.R.O.  screen.  This  can 
be  increased  up  to  10,000  to  12,000  times.  As  a  result  the  sequence  of  the  tooth 

movements  may  be  registered  (Fig.  2).  (3)  As  the  recording  instrument  has 
two  oscillators  and  two  oscillator  channels  it  can  effect  two  simultaneous  measure¬ 

ments,  i.e.,  the  movement  of  the  rat’s  tooth  and  of  the  pressure  die  may  be  re¬ 
corded  and  compared. 

Kip.  2. — Top  anil  miilille  diagram : — Serial  photographs  of  curves  on  screen  of  the 
C.K.O.  obtained  by  recording  camera.  Bottom  diagram: — Single  photograph  taken  by  Rollel- 
flex.  Progress  of  curves  from  left  to  right.  Horizontal  parts  of  curves: — teeth  at  rest. 
Klslng  and  falling  parts  of  curves: — displacements  of  teeth.  Peaks  of  curves: — extreme 
yielding  positions  of  teeth.  Right  hand  slopes  of  curves : — Movements  from  resting  positions 
to  extreme  yielding  positions.  Left  hand  slopes  of  curves : — Return  from  extreme  yielding 

positions  to  resting  positions.  Vertical  lines  inside  curve: — 15  Hz  timing  marks  of  high  fre- 
uuency  vibrator.  Black  dots  in  top  edge  of  middle  diagram : — 50  Hz  timing  marks  of  sound 
generator.  Pressure  on  teeth : — perjiendlcular  to  chewing  surface,  approx.  1.5  kg,  by  jerks. 

Kx‘ent  of  greatest  displacement: — about  3  ii.  Extreme  yielding  positions  reached  in  about 
0.47  seconds.  Time  taken  for  return  to  resting  positions: —  about  0.12  seconds.  Dissimilarity 

of  the  three  curves  due  to  differencies  in  biological  conditions,  (lenera!  impression : — Tooth 
movements  follow  curves  of  a  typical  character. 

Kxamples  of  the  tjiaphs  obtained  ai*e  seen  in  Fif?.  2. 

The  testing  apparatus  has  supplied  the  following  initial  T*esults:  (1)  The 
rat  tooth  pres.sed  by  jerking  movements  moves  from  its  resting  positions.  The 
movements  are  not  uniform  but  dissimiliar  and  of  a  recurring  character. 

(2)  The  tooth  jiressed  perpendicularly  to  its  chewing  surface  (vertically) 
reaches  its  extreme  i)o.sition  in  about  0.47  seconds  and  returns  to  resting  position 

in  about  one-fourth  this  time.  (3)  The  e.xtreme  position  from  rest  is  reached 
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with  al)out  1.5  kg.  (4)  The  rat  tooth  can  })e  displaced  in  three  dimensions — 
approximately  3  /i  vertically,  15  transversely  and  1  fi  sagitally.  (5)  When 

the  rat  tooth  is  loaded  sagitally  the  movements  are  partially  absorbed  by  neigh¬ 
boring  teeth.  (6)  Under  pressure  the  mass  not  only  yields  but  also  tilts  about 
its  axes,  the  number  and  courses  of  which  remain  to  be  determined. 

The  results  do  not  yet  give  a  definite  picture  of  the  mechanism  of  the 

alveolo-dental  joint  of  the  rat.  Further  studies,  especially  on  living  animals, 
are  neces.sary  to  supply  additional  information. 

SUMMARY 

An  apparatus  has  been  devised  to  study  the  dynamics  of  the  alveolo-dental 
joint  of  the  rat  and  preliminary  results  are  reported. 



BACTERIAL  CROWTH  AND  CRYSTAL  FORMATION 

11.  Productiox  of  Calcium  Carbonate  Crystals 

HENRY  A.  BARTELS,  B.S.,  D.D.S. 

Ptiiiartment  of  Patholoiiy,  School  of  Dental  and  Oral  Surgery  of  the  Faculty  of  Medicine, 

Columbia  rnivemity.  New  York,  N.  i’. 

The  formation  of  ammonium  magnesium  phosphate  crystals  in  associa¬ tion  with  mierohic  fjrowth  was  described  in  a  previous  communication.’ 

Recently  Hewitt,*  discussing  bacterial  calculi,  reported  on  the  occurrence  of 
calcium  carbonate  crystals  through  the  metabolic  activities  of  microorganisms. 

Since  information  concerning  the  phenomenon  of  crystal  formation  by  micro¬ 
organisms  is  so  meager,  a  further  report  on  this  subject  is  deemed  warranted. 

PROCEDURE 

The  medium  suggested  by  Hewitt*  was  not  used  because  certain  constitu¬ 
ents  contained  therein  were  not  at  hand.  A  beef  infusion  prepared  from  fresh 

meat,  1,000  ml.;  Difeo  Bacto-peptone,  10  (Im. ;  sodium  chloride,  5«(im.;  and 
agar,  20  <Jm.  was  added.  Reaction  was  adjusted  to  pH  7.2  and  30  ml.  phenol 

red  indicator  was  added.  After  filtration  through  cotton  the  medium  was  dis- 

])ensed  in  100  ml.  amounts  and  sterilized  at  121°  C.  for  20  minutes.  Calcium 
chloi-ide,  10  per  cent  solution,  Berkefeld  filtered,  was  added  to  the  medium  to 
give  a  0.25  to  0.5  i)er  cent  concentration.  In  some  lots  this  addition  may  cause 
a  lowering  of  the  pH  sufficient  to  inhibit  growth,  therefore  the  pH  should  be 

readjusted  to  j)!!  7.2.  A  variable  amount  of  precipitate  will  also  form  depending 

primarily  on  the  i)hosphate,  carbonate  and  protein  content  of  the  medium. 

Several  strains  of  actinomyces  as  well  as  a  gram-negative  micrococcus  and 

a  gram-positive  bacillus  (a  diphtheroid),  all  isolated  from  the  oral  cavity,  were 
u.sed  as  test  microorganisms.  They  were  streaked  on  the  surface  of  the  medium 

and  incubated  aerobically.  The  rapidity  with  which  calcium  carbonate  crystals 

occui-red  is  dependent  on  the  speeies  of  the  microorganisms  and  their  metabolic 
activities.  The  micrococcus  and  the  diphtheroid  produced  crystals  in  a  few 
days  while  one  strain  of  actinomyces  took  more  than  one  week  and  the  other 

strain  produced  no  crystals.  The  crystals  of  CaCOg  are  found  in  greater  num¬ 
bers  on  top  of  the  colonies  and  in  lesser  numbers  in  the  medium  in  the  immediate 

vicinity  of  the  peripheries  of  the  colonies.  At  fii'st  the  crystals  are  likely  to  be 
rather  small  and  observable  only  by  magnification  (40x)  (Figs.  1  and  2). 

As  the  crystals  aggregate  into  larger  mas.ses  they  are  noticeable  with  lower 
magnification. 

The  addition  of  too  much  calcium  chloride  to  the  medium  will  produce 

calcium  carbonate  crystals  which  are  not  necessarily  the  result  of  bacterial 

metaboli.sm.  The  mere  pressure  of  the  loop  will  mechanically  abrade  the  surface 

of  the  medium,  changing  the  surface  ten.sion  and  influence  crystal  deposition; 
therefore,  each  plate  of  medium  should  be  controlled  by  streaking  a  jmrtion  of 

Uecfcived  for  publication,  March  8,  1951. 
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the  a^ar  with  a  sterile  loop.  If  crystals  appear  alon^  such  sterile  streak  lines 
this  is  an  indication  that  the  amount  of  calcium  chloride  added  to  the  medium 

was  too  larfie  ami  must  he  reduced.  It  must  he  rememhered  that  the  protein, 

Kitr.  2. — Calcium  carbonate  cryatalM.  Krani-neKatlve  micrococcus  colony,  one-week-old  culture. 
(40X). 

lihospliJite  and  carhoiiate  content  of  meat  infusion  aval's  vary  with  (1)  the 
source  and  atte  of  the  meat,  and  (2)  the  method  employed  in  preparation  of  the 

infusion  and  the  medium.  Variation  in  the  comiionents  of  the  peptone  and  the 
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agar  added  to  the  infusion  must  also  be  considered.  While  Hewitt  w^as  able  to 
eniploy  calcium  chloride  in  concentration  as  high  as  one  per  cent  in  some  lots  of 
his  medium,  I  found  that  over  half  this  amount  tended  to  give  false  results  with 

my  infusion  agars.  While  the  mere  presence  of  a  microbie  colony  on  the  surface 
of  a  medium  must  cause  some  change  in  surface  tension,  this  factor  does  not 

.seem  to  i)lay  a  major  role  in  crystal  formation  inasmuch  as  the  colonies  of  only 

some  species  of  microorganisms  are  associated  wdth  this  phenomenon.  Neither 

the  moi-stness  nor  dryness  of  colonial  growth  could  be  ascertained  as  contributing 

to  crystal  fonnation.  Hewitt  states  that  only  the  colonies  of  proteolytic  micro¬ 
organisms  are  the  instigators  of  calcium  carbonate  crystal  production. 

The  addition  of  dextrose  to  the  medium  may  enhance  the  grow’th  of  the 
microorganisms.  If  fermentation  occurs,  the  acid  produced  will  change  the 

color  of  the  phenol  red  indicator  in  the  medium  to  yellow.  No  cry.stals  are 
found  in  an  acid  environment. 

Drying  does  not  appear  to  be  a  factor  since  plates  of  medium  kept  1  month, 
.some  uninoculated  and  others  inoculated  wdth  microorganisms  not  as.sociated 
with  crystal  formation,  showed  no  evidence  of  crystal  deposition. 

DISCUSSION 

Hewitt*  reported  that  a  part  of  the  calcium  added  to  the  medium  is  bound 
to  protein  material  while  the  remainder  is  precipitated  in  the  form  of  phos¬ 
phates  and  carbonates.  Bacteria  in  the  course  of  their  nitrogen  metabolism,  he 

claimed,  decompose  the  protein  bound  portion  with  liberation  of  ammonium 

carbonate  which  combines  wdth  calcium  ions  to  form  crystals  of  calcium  car¬ 
bonate.  Hewitt  also  discus.sed  the  probable  relationship  of  this  process  to  the 

produetion  of  salivary  calculus  and  stones  in  the  salivary  ducts  as  well  as  in 

other  regions.  The  formation  of  ammonium  magnesium  phosphate  crystals 

previously  reported  entails  a  somewhat  similar  process  wherein  the  action  of 

microbie  enzymes  on  i)roteins  liberates  ammonia  which  combines  with  the  phos¬ 
phate  and  magnesium  ions  present  in  the  medium.  Thus  we  have  2  in  vitro 

examples  of  crystal  formation  through  bacterial  metabolism.  Naeslund*  pre¬ 
sented  the  theory  that  salivary  calculus  was  formed  as  a  result  of  an  increase  in 

local  alkalinity  together  with  a  diminution  in  protective  protein  colloid  through 

the  enzyme  activity  of  actinomyces  which  caused  a  precipitation  of  calcium  salts 

from  the  .saliva.  Similar  microbie  metabolic  activity  in  vitro  induces  crystal 

formation  affording  further  corroboration  of  Naeslund’s  theory. 

SUMMARY 

The  formation  of  calcium  carbonate  crystals  as  a  product  of  bacterial  me¬ 
tabolism  is  recorded.  The  in  vitro  formation  of  crystals  is  of  interest  as  a 

supplemental  fact  in  the  further  corroboration  of  the  Naeslund  theory  of  sali¬ 

vary  calculus  formation. 
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THE  EFFECTIVENESS  OF  AN  AMMONIUM  ION  TOOTHPOWDER 

IN  THE  CONTROL  OF  DENTAL  CARIES 

G.  N.  DAVIES  AND  R.  M.  KING 

Department  of  Preventive  Dentistry,  University  of  Otago,  Dunedin,  X.  Z. 

The  findings  of  Kesel,  O’Donnell,  Kirch  and  Wach^  and  of  KeseP  indicated that  an  ammonium  ion  dentifrice  might  be  effective  in  reducing  caries 

activity.  Publication  of  these  preliminary  findings  stimulated  a  widespread 
interest  in  dentifrices  containing  5  per  cent  dibasic  ammonium  phosphate  and 

3  per  cent  urea.  Certain  commercial  enterprises  prepared  ammonium  ion 

dentifrices  for  public  sale  and  this  in  turn  contributed  to  the  inerea.sing  public 
interest  in  the  use  of  this  dentifrice  as  a  caries  control  measure. 

We  were  aware  of  the  extensive  study  being  conducted  at  Aurora  and 

Peoria  by  Kerr  and  Kesel.®  In  that  study  one  group  of  children  brushed  their 
teeth  with  an  ammonium  ion  dentifrice,  another  group  with  a  nonammoniated 

dentifrice.  For  both  these  groups  toothbrushing  was  carried  out  in  schools 
under  strict  supervision. 

Our  study  was  designed  to  determine  the  effectiveness  of  an  ammonium 

ion  dentifrice  in  a  group  of  children  and  young  adults  when  the  actual  brush¬ 

ing  procedure  was  not  under  rigid  supervision.  That  is,  we  sought  to  deter¬ 
mine  whether  or  not  a  commercial  dentifrice  would  reduce  caries  activity  in 

actual  practice.  The  manufacturers  of  this  toothpowder  readily  agreed  to  the 
project  and  financed  the  undertaking. 

SELECTION  OF  M.\TERIAL 

High  school  children  in  the  age  group  of  12  to  18  years  and  young  adults 

in  the  age  group  of  19  to  31  years  were  selected  for  study.  Of  the  401  par¬ 
ticipants  in  March,  1950,  339  remained  cooperative  throughout  the  study  period, 
March  to  November,  1950. 

Participants  from  the  following  sub-groups  volunteered  to  take  part  in  the 

project :  sub-group  1,  final  year  dental  students;  sub-group  2,  girls  from  board¬ 

ing  school  A ;  sub-group  3,  girls  from  boarding  school  B ;  sub-group  4,  boys  from 

boarding  school  C ;  sub-group  5,  boys  from  Iniarding  school  D;  sub-gi*oup  6,  first 

year  teacher’s  training  college  students;  sub-group  7,  boys  and  girls  living  at 
home  and  attending  day  schools. 

Participants  in  each  sub-group  were  allotted  to  either  the  experimental  or 
the  control  group  by  random  selection.  The  composition  of  the  experimental  and 
control  groups  is  outlined  in  Table  I. 

METHOD 

Examination. — All  participants  were  given  a  careful  clinical  and  radio- 
graphic  examination  at  the  beginning  of  the  academic  year  (March,  1950)  and 
at  the  end  of  the  academic  year  (November,  1950).  Examinations  were  made 

with  mouth  mirrors  and  sharp  probes  and  explorers.  Compressed  air  was  used 
to  dry  each  tooth  surface  before  it  was  examined., 

Received  for  publication,  April  24,  1951. 
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Recording. — Clinical  findings  were  called  to  a  nurse  who  recorded  them  on 
the  participant  s  chart.  This  helped  to  ensure  that  the  examiner  was  unaware  of 

the  group  to  which  each  participant  belonged. 

Radiographic  Interpretation. — The  clinical  findings  as  recorded  were  then 
amended  following  a  careful  interpretation  of  bite-wing  radiographs.  In  an 
endeavour  to  standardise  radiographic  interpretation,  all  radiographs  were  e.x- 
amined  by  one  of  us  (CJ.  N.  1).).  A  viewing  box  and  a  magnifying  glass  were 
used  for  this  purpose. 

Table  I 

Composition  ok  Gkoi'ps  and  Si  b-Gkoi  ps 

SCB-GROUP NUMBER 

AGE  RANGE 

(YEARS) 

NUMBER  IN 

EXPERIMENTAI.  GROUP 

NUMBER  IN 

CO.NTROL  GROUP 

1 26 21-31 

12 

14 

2 29 
12-18 

15 

14 

3 
48 12-18 

25 

23 

4 
32 12-18 

19 13 

5 48 12-18 24 24 

;  6 

71 

18-27 32 39 

7 
83 

12-18 44 

41 

Total 339 
12-31 

171 
.  168 

Susceptibility  Tests. — All  participants  were  given  two  sterile  sample  bottles 
and  two  pieces  of  paraffin  at  the  time  of  examination.  Each  participant  was 
instructed  to  collect  a  sample  of  saiiva  before  getting  out  of  bed  on  two  succe.ssive 
mornings.  The  time  of  collection  was  standardised  at  5  minutes.  Each  sample 

of  saliva  was  then  submitted  to  a  lactobacillus  count,  and  a  Snyder’s  test.  Par¬ 
ticipants  from  sub-groups  3,  4  and  5  submitted  three  series  of  samples:  (a)  at 
the  beginning  of  the  study  period;  (b)  one  month  after  the  beginning  of  the 

experiment;  and  (c)  at  the  end  of  the  study  period.  Participants  from  sub¬ 
groups  1,  2,  6,  and  7  submitted  two  series  of  samples:  (a)  at  the  beginning  of 
the  study  period  and,  (b)  at  the  end  of  the  study  period. 

Distribution  of  Toothpou'der. — Each  tin,  whether  it  contained  control  or 
experimental  powder,  was  labelled  with  the  name  of  the  person  who  was  to  use 

the  powder  which  it  contained,  and  with  the  manufacturers  directions,  namely: 

“Brush  teeth  upon  arising  and  before  retiring  or  as  directed  by  your  dentist. 
Pour  1/2  teaspoonful  of  powder  on  side  of  a  clean  glass.  Dip  wet  toothbrush  in 
powder  and  brush  teeth.  Pour  water  on  remaining  imwder  in  glass  (until 

Vs  full)  and  rinse  mouth  with  solution.”  Powder  was  distributed  immediately 
following  the  initial  examination  and  new  supplies  were  distributed  when 
the  previous  powder  was  consumed.  Participants  were  given  no  information 
which  would  enable  them  to  determine  whether  the  powder  they  were  using  was 

control  or  experimental.  All  toothpowder  was  prepared  by  Bristol  flyers  Pty. 

Ltd.  The  experimental  powder  was  compounded  according  to  the  formula  of, 

and  on  license  to,  the  University  of  Illinois  Foundation.  The  control  powder 
contained  the  same  ingredients  as  the  experimental  powder,  except  that  it  was 

tinted  pink  and  it  did  not  contain  the  active  principles  (5  per  cent  dibasic  am¬ 
monium  phosphate  and  3  per  cent  urea).  In  this  study,  therefore,  the  control 

powder  was  similar  to  toothpowder  “A”  in  Kerr  and  Kesel’s  experiment.®  The 

experimental  powder  was  the  same  as  toothpowder  “B”  of  Kerr  and  Kesel.® 
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RESULTS 

Effect  on  the  Annual  Increment  of  Dental  Caries. — In  the  control  group  of 
16S,  the  total  number  of  tooth  surfaces  which  became  carious  during  the  study 

j)criod  was  1081;  a  mean  increase  of  6.43  new  carious  tooth  surfaces  per  person. 

In  the  experimental  group  of  171,  the  total  number  of  tooth  surfaces  which  be¬ 
came  carious  during  the  study  period  was  1099;  a  mean  increase  of  6.43  new 

carious  tooth  surfaces  per  person. 

The  frequency  distribution  of  tooth  surfaces  which  became  carious  during 

the  period  of  study  is  shown  in  Table  II. 

Table  II 

Frequency  Distribution  of  Tooth  Surfaces  Which  Became  Carious 
During  the  Period  of  Study 

NEW  CARIOUS 

TOOTH 

SURFACES 0-2 ■ 
6-8 

9-11 
12-14 15-17 18-20 21-23 24-26 TOTALS 

Control  group 39 
47 

35 17 15 10 3 1 1 

168 
Exj)erimental 

group 

31 
47 

50 
21 

9 7 3 2 1 171 

Totals 
70 

94 

85 

38 

24 

17 6 3 2 339 

Although  these  re.sults  show  no  difference  between  the  experimental  and 

control  groups  it  was  thought  desirable  to  examine  the  data  more  closely  with  a 

view  to  determining  the  effects  of  the  following  variables:  (1)  sub-group,  (2) 

number  of  times  per  day  that  the  powder  was  used,  (3)  the  age  of  the  partici- 

pant.s,  and  (4)  the  sex  of  the  participants. 

Analysis  of  differences  in  suh-groups. — Data  on  the  mean  increase  in  D.P. 

tooth  surfaces  per  person  in  each  of  the  .seven  .sub-groups  are  given  in  Table  III. 

Table  III 

Analysis  of  Results  in  Terms  of  Differences  in  Sub-Groups 

SUB-GROUP GROUP NUMBER 

MEAN  INCREASE  IN  D.F. 

TOOTH  SURFACES  PER 
PERSON 

1 Experimental 12 

45 
3.75 

Control 
14 

68 4.85 

O 
Experimental 15 103 6.86 
Control 14 

113 
8.07 

3 Experimental 25 151 6.04 
Control 23 116 

5.05 

4 Experimental 19 144 

7.63 Control 13 

85 
6.53 

5 Experimental 24 148 
6.17 

Control 24 144 

6.00 
6 Experimental 32 245 

7.66 Control 39 238 6.10 

7 Experimental 44 263 

5.98 
Control 

41 
317 7.70 

If  the  differences  in  these  sub-groups  are  expres.sed  in  terms  of  percentage 

differences  the  apparent  results  in  the  experimental  group  are  a  reduction  of 
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22.6  per  cent  in  sub-group  1,  14.9  per  cent  in  sub-group  2,  and  22.3  per  cent  in 

sub-group  7.  However,  an  analysis  of  these  findings,  the  results  of  which  appear 
in  Table  IV,  indicates  that  these  differences  are  not  statistically  significant.  On 

the  other  hand,  four  sub-groups  (3,  4,  5  and  6)  showed  a  higher  increase  in  the 

experimental  group  than  in  the  control  group.  The  apparent  result  is  an  in¬ 

crease  of  19.6  per  cent  in  sub-group  3,  16.9  per  cent  in  sub-group  4,  2.8  per  cent 

in  sub-group  5,  and  25.5  per  cent  in  sub-group  6.  Again  these  differences  are 
not  statistically  significant. 

T.\ble  IV 

•Statistica!.  Analysis  ok  Kesults  kok  Si  b-Groi  ps  1,  2,  and  7 

Sl’B- GROIP (iRolP 

MEAN  INCREASE  IN 

DK  SCRKACES  PER 
PERSON 

(•) 

SD-' 

DIKK.  OK 

MEANS 

STD.  ERROR  OK 

DIKK.  OK 

MEANS* 

(in 

‘T’ 

(III) ‘17’ 

4  p> 

1 Exptl. 
Control 

3.75 
4.85 52.66 

307.68 
i.to 

1.51 

0.72 
24 

.50 2 Exptl. 
Control 

6.86 
8.07 

91.74 

301.26 
1.21 

1.41 0.86 

27 

.50 

7 E.xptl. 
Control 

5.98 7.70 

750.98 
1240.49 

1.72 
1.06 1.62 

83 

.10 

•Calculation  of  Standard  error  of  difference  of  means: 
Mean  increase  in  DK  surfaces  in  experimental  >;roup  =  5.98 
Mean  increa.<ie  in  DK  surfaces  in  control  group  =  7.70 

Difference  of  means  =  1.72 

Combined  estimate  of  variance,  S-  =  750.98  +  1240.49 
43  +  40 

=  23.99 

S  =  V  23.99 =  4.8985 

.Standard  error  of  difference  of  means  =  4.8985  V -A- + -A- 44  41 
=  1.062 

(i)  =  Sum  of  the  deviations  .squared. 
(ii)  =  Ratio  of  difference  of  means  to  the  standard  error  of  <lifference  of  means. 
( iii  1  =  Degrees  of  freedom. 

Analysis  of  differentes  in  terms  of  the  number  of  times  per  day  that  the 

toothpou'ders  were  used:  From  the  results  obtained,  the  details  of  which  are 
given  in  Table  V,  it  is  apparent  that  there  is  no  significant  difference  between 

experimental  and  control  groujis  when  the  toothpowders  were  used  one,  two, 

three  or  four  times  per  day. 
Table  V 

Statistical  Analysis  ok  Kesclts  in  Terms  ok  the  Number  ok  Times 
Per  Day  That  the  Toothpowders  Were  Used 

NUMBER  OK 

TIMES  PER 

DAY GROUP 

NUM¬ 

BER 

MEAN  IN¬ 
CREASE  IN 

DK  SURKACES 

PER  PERSON ■ ■ ■ ■ 
1 Experimental 23 6.34 

414.84 2.79 1.495 

1.86 44 

0.1 
Control 23 9.13 

716.58 

2 Ex{>eriinental 115 6.56 2324.25 0.36 0.639 
0.56 

118 

0.5 

Control 
105 6.20 2570.00 

3 Experimental 19 4.21 
105.08 

1.18 

1.131 

1.03 

35 

0.25 

Control 
18 5.39 

309.17 

4 Experimental 6 8.17 386.82 
1.17 4.659 0.25 9 

0.5 

Control 5 7.00 156.00 
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Annlysis  of  differences  with  age:  Details  of  the  results  under  this  heading 

are  given  in  Table  VI.  From  these  data  it  would  appear  that  in  the  largest 

Tahi.e  VI 

Analysis  ok  Resci.ts  in  Terms  ok  Aoe  (I.ast  Birthday)  in  Years 

age  last 

BIRTHDAY 

IN  YEARS 

\  (XJNTROL  OROI’P  | 
1  EXPERIMENTAL  GROUP  | 

DIKKER- ENCE  OK 

MEANS 
NI'M- 
HER 

TOTAL 

INCREASE 

IN  D.K 

SI'RKACES 

MEAN  INCREASE 

IN  D.K  SUR- 
KACE8  PER 

PERSON 

NUM¬ 
BER 

TOTAL 

INCREASE 
IN  D.K 

SIRKACES 

MEAN  INCREASE 

IN  D.K  SUR- KACES  PER 

PER.SO.N 

12 
10 58 

5.80 19 
1.36 

7.15 

-t-1.35 

13 
30 264 8.80 27 173 6.40 

-2.40 

14 28 151 5.39 
30 

166 
5.53 

-(-0.14 

15 
25 169 6.76 22 

152 
6.90 

■kO.14 

16 
15 91 6.06 17 

115 
6.76 

-(-0.70 

17 22 126 5.72 
17 112 

6.58 

-(-0.86 

18 12 62 5.16 18 143 7.94 

-(-2.78 

19 6 
53 

8.83 6 

35 

5.83 

-3.00 

20 
3 22 7.33 1 7 

7.00 

-0.33 

21 1 6 6.00 1 3 
3.00 

-3.00 

22 1 9 9.00 5 

14 
2.80 

-6.20 

23 4 13 3.25 3 25 
8.33 

-(•5.08 

24 5 22 
4.40 

1 6 6.00 

-(-1.60 

25 2 14 7.00 3 10 3.33 

-3.67 

26 2 6 3.00 0 _ 

27 1 8 8.00 0 _ _ 

28 
1 7 7.00 0 _ _ 

31 0 - - 1 2 

2.00 

- 

Totals ISS 1081 6.43 171 1099 6.43 
0.00 

group,  the  13  year  olds,  a  beneficial  effect  has  resulted.  An  analysis  of  this  age 
group  gave  the  following  result : 

Mean  increase  in  D.F  tooth  surfaces  in  the 
experimental  group 

Mean  increase  in  D.F  tooth  surfaces  in  the 
control  group 

Difference  of  the  means 
Standard  error  of  difference  of  means 

•  T* 

Degrees  of  freedom 
0.1>P>0.05 

6.40 

8.80 

2.40 1.392 
1.724 

55 

From  this  analysis  it  is  apparent  that  there  is  no  significant  difference  be¬ 
tween  the  experimental  and  control  groups  of  the  13  year  olds.  The  same  is 

true  for  all  other  age  groups. 

Analysis  of  differences  in  sex:  Details  of  the  results  under  this  heading  ap¬ 
pear  in  Table  VII.  There  is  no  significant  difference  between  the  exjverimental 
and  control  groups  for  either  males  or  females. 

Table  VII 

Analysis  ok  Resclts  in  Terms  ok  Dikkerences  in  Sex 

CONTROL  GROUP  | EXPERIMENTAL  GROUP  | 

MEAN  INCREASE MEAN  INCREASE 1 

TOTAL  IN- IN  D.K  SCR- TOTAL  IN- IN  D.K  SI  R- 

Dirr. 

NUM- 
CREASE  IN  D.K KACES  PER 

NUM- 

CREASE  IN  D.K K.XCES  PER 

OF 

SEX BER SI’RKACES PERSON BER SURK.XCES PKJISON  i 
MEANS 

Females  85 551 6.48 

85 

557 6.55 

-(-0.07 

Males 83 
530 6.38 

86 

542 
6.30 

-0.08 
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Effect  on  the  Acidoffenic  Bacteria  of  the  Mouth. — 

Frequency  distribution  of  Lactobacillus  counts  in  the  experimental  and  con¬ 

trol  (/roups:  ]iaeto))a(Mllus  counts  were  {graded  as  iollow’s: 

No  Lactobacilli  per  nil.  of  saliva _  =  (  -) 
1-40,000  Lactobacilli  per  nil.  of  saliva _  z=.  (  +) 
40,000-500,000  Lactobacilli  per  nil.  of  saliva  =  (  -t-t-) 
Over  500,000  Lactobacilli  per  nil.  of  saliva _ =  (+++) 

Tlie  frequency  distribution  of  these  counts  in  each  ̂ roup  at  the  beginning  of  the 

exjteriment  is  given  in  Table  VIII.  A  riii-Square  Test  was  applied  to  these  data 
with  the  following  re.sult: 

Table  VIII 

DiKTKiBi  Tio.N  or  Lactobacili.cs  Counts  at  the  Becinnixo  oe  the  Experiment 

1  LACTOBACILLUS  COUNT  | 

OROUP 1 1 1 TOTALS 

Expcriiiicntul 
IS 

25 65 

52 
160 Control 

12 19 76 40 

147 

Totals 30 44 141 92 307 

X2  =  3.89S 
Degrees  of  freeilom  =  3 

0.30>P>0.20 

This  indicates  that  there  was  no  significant  difference  between  the  experi¬ 
mental  and  control  groups  at  the  beginning  of  the  study. 

The  frequency  distribution  of  Lactobacillus  counts  in  each  group  at  the  epd 

of  the  exiieriment  api)eai*s  in  Table  IX.  A  (’hi-Square  Test  was  applied  to  these 
data  with  the  following  result : 

Table  IX 

Distribution  oe  Ijvctobacillus  Counts  at  the  Eni>  oe  the  Experiment 

\  LACTOBACILLUS  ('OUNT  | 
OROUP 

1  + 

1  ++  1 

+  +  +  1 
TOTALS 

Ex|>«*rinn*iital 
20 

30 

82 

28 
160 Control 

20 

27 72 28 147 

Totals 
40 57 

154 
56 

307 

X*  =  0.236 
Degrees  of  freedom  3 

0.9S>P>0.95 

This  indicates  that  there  was  no  significant  difference  between  the  Experi¬ 
mental  and  Control  (Jroups  at  the  end  of  the  experiment. 

Changes  in  individual  Lactobacillus  counts  during  the  course  of  the  experi¬ 
ment: 

Sub-groups  3,  i,  and  5:  In  these  sub-groups  Lactobacillus  counts  and 

Snyder’s  te.sts  were  taken  at  the  lieginning  of  the  study  period,  one  month  after 
the  lieginning  of  the  experiment,  and  at  the  end  of  the  study  period.  The  num- 
lier  and  percentage  of  participants  showing,  (a)  increased  counts  and  increased 
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Snyder  test  results,  (b)  deereased  counts  and  decreased  Snyder  test  results,  and 

(e)  no  change  in  counts  or  Snyder  test  results,  at  the  end  of  one  month  are  given 
in  Table  X. 

Table  X 

Change  in  Si'scehtibility  Tests  One  Month  AbTER  Beginning  of  the  Experiment 

(Si  B-GRorps  3,  4,  and  5) 

IJVCTOBACILLrS  COI  NT  | S.NYDER 

’S  TEST 

increase  I 
1  DECREASE  | 

NO  CHANGE INCREASE 

DECREASE  | 

NO  CHANGE 

PER- 
PER- 

PER- 
PER- 

PER- PER- 

CENT- CENT- CENT- CENT- 
CENT- 

CENT- 

GROrP NO. 
AGE 

NO. 
AGE 

NO. 

AGE 

NO. 

AGE 

NO. 

AGE 

NO. 

AGE 
Exjieriinental 

13 25 

23 

44 

16 
31 5 

10 

26 

50 

21 40 
Control 16 

31 9 18 26 

51 

8 

16 

18 

35 

25 

49 

t’hi-Square  Test  was  applied  to  the  Lactobacillus  data  with  the  following 
result : 

x2  =  8.729 
Degrees  of  freedom  =  2 

0.02>P>0.01 

From  this  result  it  would  seem  that  a  significant  change  has  occurred  in  the 

Lactobacillus  counts  of  the  experimental  group  at  the  end  of  one  month’s  use  of 
the  toothpowder. 

The  Susceptibility  Test  results  at  the  end  of  the  experiment  are  compared 

with  the  results  at  the  lieginning  of  the  experiment  in  Table  XL  The  Chi- 

Table  XI 

Change  in  Si’sceptibility  Tests  at  the  End  of  the  Experiment 

{Si’B-GRorPS  3,  4  and  5) 

LACTOBACILLCS  COl’NT  | j SNYDER 

■s  TEST 

INCREASE  1 
DECREASE  | NO  CHANGE  | 

INCREASE DECRF.ASE NO  CHANGE 

PER- 
PER- 

PER- 

PER- 
PER- 

CENT- CENT- 
CENT- CENT- 

CENT- 

GRorp 
NO. 

AGE NO. 
AGE 

NO. 

AGE NO. 
AGE 

NO. 

AGE 

NO. 

Kxpprimental 12 
18 23 

35 

31 47 mSM MM 
Control 16 26 

17 
28 

28 46 
■9 

B9i 

Square  test  was  applied  to  the  Lactobacillus  data  in  this  table  with  the  following 
result : 

x2  =  1.419 
Dogrws  of  fretvlom  =  2 

0.50>P>0.30 

This  result  would  appear  to  indicate  that  the  significant  change  in  the  Lacto- 

hacillus  counts  of  the  Experimental  (Iroup,  which  tmik  place  after  the  tixith- 
powder  had  been  used  for  one  month,  was  not  maintained  throughout  the  study 
period. 

All  suh-f/roups  comhintd:  The  Susceptibility  Test  re.sults  at  the  end  of  the 

experiment  are  compared  with  the  results  at  the  iH'ginning  of  the  experiment  in 
Table  XII.  The  Chi-Square  Test  was  applied  to  the  Laetolmcillus  data  in  this 
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Table  XII 

Change  in  Si  sceptibility  Tests  at  the  End  of  the  Experiment 

(All  Spb-Groups  Combined) 

LACTOBACILLUS  COUNT 1 SNYDER 

'S  TEST 

INCREASE  1 DECREASE  j 

1  NO  CHANGE  | 

1  INCREASE 

DECREASE 

1  NO  CHANGE 

PER-  1 

PER- PER- 

PER- 

PER- 

PER- 

CENT- 

NO.  j 

CENT- 

CENT- 

CENT- 

CENT- 

CENT- 

GROrP 
NO. 

AGE AGE 
NO. 

AGE 

AGE 

NO. 

AGE 

NO. 

AGE Experimental 35 22 57 
35 

69 43 24 

76 

47 47 29 
Control 31 21 

54 

37 

62 

42 Blsl 
18 

69 45 

55 

36 

table  with  the  following  result : 

x2  =  0.081 
Degrees  of  freedom  =  2 

0.98  >P>  0.95 

This  indicates  that  no  significant  change  has  occurred  in  the  Lactobacillus 

counts  of  the  Experimental  Group  after  the  use  of  the  experimental  toothpowder 
for  one  academic  year. 

DISCUSSION 

In  this  experiment  there  was  no  controlled  supervision  of  actual  tooth- 
brushing  by  the  participants  but  all  cans  of  toothpowder,  whether  control  or 
experimental,  had  attached  to  them  exactly  the  same  directions  as  appear  on 
the  cans  of  the  commercial  ammonium  ion  toothpowder  under  test. 

In  defense  of  the  ammonium  ion  toothpowder  it  could  be  argued  that  per- 
hap.s,  despite  a.s.surances,  all  participants  did  not  use  the  powder  as  directed. 
This  argument  may  have  some  substance. 

Since  this  study  was  concluded  the  results  of  Kerr  and  KeselV  experiment 

have  been  published.  In  the  latter  experiment,  which  was  designed  to  deter¬ 
mine  the  effect  of  both  supervised  oral  hygiene  and  an  ammoniated  dentifrice, 

this  factor  was  under  excellent  control.  Ghildren  in  a  group  using  a  nonam- 
moniated  dentifrice.  Dentifrice  A  and  those  using  an  ammoniated  dentifrice. 

Dentifrice  B,  brushed  their  teeth  under  supervision  in  .schools. 

If  from  Kerr  and  Kesel’s  data  we  wish  to  determine  whether  or  not  an  am¬ 
moniated  dentifrice  is  more  effective  than  a  nonammoniated  dentifrice  when  used 

under  similar  conditions,  the  real  control  group  for  the  group  using  the  am¬ 
moniated  dentifrice  is  the  group  using  Dentifrice  A  and  not  the  un.supervised 

control  group  that  they  have  taken.  In  our  experiment,  which  was  designed  to 

determine  whether  or  not  an  ammonium-ion  toothpowder  was  more  effective  than 

a  nonammoniated  toothpowder  in  actual  practice,  the  control  powder  w'as  similar 

to  Dentifrice  A  in  Kerr  and  Kesel’s  experiment,  and  the  experimental  powder 
was  exactly  the  same  as  Dentifrice  B. 

Kerr  and  Kesel  found  that  the  percentage  of  teeth  attacked  in  a  two-year 
period  was  less  in  the  group  using  an  ammoniated  dentifrice  than  in  the  group 
using  a  nonammoniated  dentifrice  under  the  same  controlled  conditions.  When 
actual  brushing  procedure  is  not  supervised  we  found  no  difference  between  these 

two  groups  over  a  period  of  one  academic  year. 

A  statistical  analysis  of  Kerr  and  Ke-sel’s  data  gives  interesting  results.  In 
Table  XIII  the  results  from  Kerr  and  KeseTs  Control  group  who  had  no  super- 
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Table  XIII 

Analysis  of  Data  From  Kerr  and  Kesel’s  Experiment 
Control  and  Dentifrice  A  Groups 

teeth  attacked 

1948-1950 

TEETH  NOT  ATTACKED 

1948-1950 
TOTAL  TEETH 

(UNATTACKED  1948) 

Controls  (no  brushing  in 
school) 

492 3351 

3843  (n.) 

Dentifrice  A 

( Nonammoniated ) 
304 2310 

2614  (nj) 

Totals 790 
5661 6457 

Statistical  analysis : 

Percentage  of  control  teeth  attacked.  pi  =  492/3843  =  12.80  per  cent 
Percentage  of  control  teeth  unattacked,  qi,  =  3351/3843  =  87.20  per  cent 
Percentage  of  Dentifrice  A  teeth  attacked,  pi  =  304/2614  =  11.62  per  cent 
Percentage  of  Dentifrice  A  teeth  unattacked,  qs  =  2310/2614  =  88.38  per  cent 
Percentage  difference  between  two  groups  =  pi  -  pj  =  1.18  prer  cent 

Standard  error  of  difference  between  two  proportions  V  E2 — - — — L. ni  ns 

-  V 

12.80  X  87.20  11.62  x  88.38 

3843 2614 

Ratio  of  observed  difference  to  its  standard  error 

=  0.825 

=  1.18/0.825 =  1.43 

That  is,  the  difference  between  the  eontrol  and  Dentifrice  A  groups  is  not  significant. 

vised  brushing  in  school,  and  the  group  who  used  a  non-ammoniated  dentifrice 

under  supervision,  are  analyzed.  This  analysis  reveals  that  the  difference  be¬ 

tween  these  tw’o  groups  could  have  occurred  by  chance.  In  other  words,  there 
is  no  significant  difference  between  a  group  using  any  dentifrice  at  home  and  a 

group  using  a  non-ammoniated  powder  under  supervision  in  school.  In  Table 
XIV  the  results  from  a  group  using  a  nonammoniated  dentifrice  and  a  group 

Tabie  XIV 

Analysis  of  Data  From  Kerr  and  Kesel’s  Experiment 
Dentifrice  A  and  Dentifrice  li  Groups 

TEETH  ATTACKED 

(1948-1950) 
1  TEETH  NOT  ATTACKED 

1  (1948-1950) 

TOTAL  TEETH 

UNATTACKED (1948) 

Dentifrice  A 

(Nonammoniated) 

304 2310 

2614  (n,) 

Dentifrice  B 

(Ammoniated  without  lien- 
tonite) 

254 2240 

2494  (n,) 

’^otaJs 
.5.58 4550 5018 

Statistical  analysis : 

Percentage  of  Dentifrice  .4  teeth  at’acked,  pi 
Percentage  of  Dentifrice  A  teeth  unattacked,  qi. 
Percentage  of  Dentifrice  It  teeth  attacked,  ps. 
Percentage  of  Dentifrice  R  teeth  unattacked,  qa. 
Percentage  difference  between  two  groups,  (pa-pa) 

304/2614  =  11.62  per  cent 
2310/2614  =  88.38  per  cent 
254/2494  =  10.18  per  cent 
2240/2494  =  89.82  per  cent 
1.44  per  cent 

Standard  error  of  difference  between  two  proportions  =  V  '*■  *1^ na  nj 

_  V'1-82  X  88.38  10.18  x  89.82 

2614  ^  2494 
=  0.87 

Ratio  of  observed  difference  to  its  standard  error  =  1.44/0.87 =  1.65 

That  Is,  the  difference  between  the  Dentifrice  A  and  Dentifrice  R  groups  is  not  statisti- 
call>  significant. 

1! 
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using  an  aminoniated  dentifrice  under  similar  conditions,  are  analyzed.  This 

analysis  indicates  that  the  differences  between  these  two  groups  could  have 
occurred  by  chance. 

In  view  of  these  findings  it  is  interesting  to  note,  as  shown  in  Table  XV, 

that  a  highly  significant  difference  is  obtained  when  a  group  using  any  dentifrice 

under  no  control  is  compared  with  a  group  using  an  ammoniated  dentifrice  un¬ 
der  strictly  controlled  conditions  of  brushing. 

Table  XV 

Analysis  of  Data  From  Kerr  and  Kesel’s  Experiment 
Control  and  Dentifrice  li  Groups 

TEETH  ATTACKED 

(1948-1950) 

TEETH  NOT  ATTACKED 

(1948-1950) 

TOTAL  TEETH 
VNATTACKED  (1948) 

Controls  (no  Virushing  in 
school) 

492 3351 

3843  (n,) 

Dentifrice  B 

( Ammoniated  without 
Wntonite) 

254 2240 

2494  (n,) 

Totals 
746 

5591 

.  6.337 

Statistical  analysis: 

Percentage  of  control  teeth  attacked,  pi  =  492/3843  =  12.80  per  cent 
Percentage  of  control  teeth  unattacked,  qi,  =  3351/3843  =  87.20  per  cent 
Percentage  of  Dentifrice  B  teeth  attacked,  ps  =  254/2494  =  10.18  per  cent 
Percentage  of  Dentifrice  B  teeth  unattacked,  qa  =  2240/2494  =  89.82  per  cent 
Percen  age  difference  between  two  groups  ( pi  -  pj)  =;  2.62  per  cent 

Standard  error  of  difference  between  two  proportions  =  V  P'  ̂   ^  *1* ni  ni 

_  V  12.80  X  87.20  10.18  x  89.82 

3843  *  2494 =  0.87 

Ratio  of  observed  difference  to  its  standanl  error  =  2.62/0.87 =  3.01 

Tha*;  is,  the  difference  between  the  control  and  Dentifrice  B  groups  is  highly  significant. 

It  is  apparent  from  the.se  findings  and  our  own  re.sults  that  the  evidence  in 

favour  of  an  ammonium  ion  dentifrice  must  be  viewed  with  some  eireumspection. 

From  neither  study  can  we  eonelude  that  the  unsupervised  use  of  an  ammonium 

ion  dentifrice  is  any  more  effective  than  any  nonammoniated  dentifrice. 

summary  and  conclusions 

1.  An  ammonium  ion  dentifrice  was  tested  for  its  effectiveness  in  controll¬ 

ing  dental  caries  under  conditions  which  simulate  the  use  of  the  ordinary  com¬ 
mercial  product. 

2.  Under  the  conditions  of  the  test  the  experimental  ammonium  ion  tooth- 
powder  failed  to  reduce  the  annual  increment  of  dental  caries  when  its  effect  was 
compared  with  that  of  a  control  toothpowder. 

3.  In  no  sub-group  was  there  a  significant  difference  between  the  control  and 
exjierimental  groujis. 

4.  The  number  of  times  per  day  that  the  powder  was  used  made  no  apparent 
difference  to  this  result. 

5.  No  significant  difference  due  to  sex  or  age  was  manifest  either  in  the  con¬ 
trol  or  experimental  groups. 

I 
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6.  In  three  sub-groups  the  experimental  powder  produced  a  significant 
change  in  Lactobacillus  counts  after  this  powder  had  been  used  for  one  month. 

7.  In  the  same  three  sub-groups  this  significant  change  was  not  manifest  at 
the  end  of  the  experiment. 

8.  At  the  end  of  the  study  period  there  w'as  no  significant  difference  between 
the  Lactobacillus  Counts  of  the  control  and  experimental  groups. 

9.  The  results  of  Kerr  and  Kesel’s  study  are  analyzed  and  discussed. 

The  authors  wish  to  acknowledge  the  active  help  and  cooperation  of  Messrs  Bristol  Myers 

Pty.  Ltd.,  whose  financial  support  made  this  investigation  possible.  They  also  wish  to  record 

their  appreciation  of  the  work  of  Dr.  F.  R.  Shroff  and  Mr.  F.  N.  Madden  who  carried  out  the 
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INFLUENX’E  OF  AMMONIA  AND  OF  UREA  UPON 
L.  ACIDOPHILUS  4646 

II.  Studies  on  Anaerobic  Oeycoi.ysis 

SHOLOM  PEAKLMAN,  D.D.S.,  M.S.* 

Department  of  Biochemistry,  School  of  Dentistry,  and  the  Institute  of  Pathology, 

Western  Reserve  University,  Cleveland,  Ohio 

IN  CONNECTION  with  their  investigation  of  methods  for  controlling  dental 
caries,  Kesel,  O’Donnell,  Kirch,  and  Wach,‘‘®  reported  that  dibasic  ammonium 

phosphate  was  inhibitory  toward  the  growth  of  L.  acidophilus  4646  (recently 

reclassified  as  L.  casei),  in  vitro.  It  was  stated  by  these  investigators  that  the 
toxic  effect  of  ammonium  phosphate  could  be  demonstrated  when  the  salt  was 

present  in  relatively  low  concentration,  approximately  0.08  Molar,  provided  that 
the  reaction  of  the  growth  medium  was  slightly  alkaline.  Evidence  was  presented 
to  show  that  urea  enhanced  the  potency  of  the  effects.  They  further  stated 
that  the  formation  of  acids  in  incubating  mixtures  of  saliva  and  glucose  was 

inhibited  by  ammonium  phosphate  and  by  urea. 

It  was  been  demonstrated,®  that  the  inhibitory  effect  of  these  compounds 
upon  growth  of  pure  cultures  of  lactobacilli  is  critically  sensitive  to  variations 
in  the  salt  composition  and  the  hydrogen  ion  concentration  of  the  growth  media. 
Other  investigators  have  reported  failure  of  ammonium  ions  to  inhibit  growth 

of  oral  lactobacilli,  although  these  reports  did  not  specify  whether  alkaline  pH 

was  maintained  in  the  medium  throughout  the  course  of  incubation.^ 

Stephan,®  and  Muntz  and  Miller”  found  that  exposure  of  natural  and 

“artificial”  dental  plaques  to  strong  solutions  of  urea  prevented  the  rapid  fall 
in  pH  and  the  formation  of  lactic  acid  which  otherwise  ensued  upon  subseipient 

exposure  to  glucose. 
In  the  present  paper,  evidence  is  presented  which  indicates  that,  in  the  case 

of  suspensions  prepared  from  pure  cultures  of  L.  acidophilus  4646,  ammonium 
ions  do  not  exert  a  si)ecific  inhibitory  effect  upon  acid  formation  from  glucose  but 

that  glycolytic  activity  of  these  suspensions  is  depressed  by  urea  in  high  con¬ 
centrations. 

mi:thoi)s 

Anaerobic  glycolysis  can  be  measured  conveniently  under  controlled  con¬ 
ditions  by  means  of  the  Warburg  respirometer.  When  the  reactions  are  carried 

out  in  bicarbonate  buffer  equilibrated  with  CO^,  a  constant  pll  is  maintained  at 
constant  temperature  and  stoichiometric  amounts  of  CO^  are  liberated,  eijuivalent 

Thiose  studies  were  aided  by  a  contract  between  the  Office  of  Navai  Research,  Department 
of  the  Navy,  and  Western  Reserve  University  (NR  181-459). 

Received  for  pubiication,  Feb.  28,  1951. 

♦Present  address:  American  Dentai  Association,  Councii  on  Dentai  Therapeutics,  222 
East  Superior  St.,  Chicago,  lii. 
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to  the  acid  produced.  The  resulting  change  in  gas  pressure  is  measured.  This 

technique  lends  itself  to  the  measurement  of  extremely  small  changes  in  the 

quantity  of  the  metabolites  concerned.* 
L.  acidophilus  4646  was  grown  in  broth  similar  to  that  described  by  Tsuchiya 

and  Ilalvorson,'"  consisting  of  peptone  5  (!m.,  yeast  extract  10  (Jm.,  glucose  5  Gm., 
tap  water  100  ml.  and  distilled  water  900  ml.,  adjusted  with  NaOH  to  pH  7.0 

and  autoclaved  for  15  minutes  under  15  pounds  pressure.  After  a  20-hour 

incubation  at  37°  C.  the  bacteria  w’ere  harvested  by  centrifugation.  The  yield 
was  usually  small,  about  0.5  ml.  of  packed  cells  per  liter  of  medium,  but  the 

suspensions  glyeolyzed  rapidly.  The  organisms  were  washed  twice  with  cold  0.5 

jier  cent  stock  salt  mixture.!  They  were  then  resuspended  and  diluted  in  4 

j)er  cent  stock  salt  mixture  to  make  1  or  2  i)er  cent  suspensions  by  volume,  as 

desired.  In  the  packed  condition  they  could  be  kept  frozen  at  -30°  C.  for  at 
least  3  months  without  appreciable  loss  of  activity. 

Double  side-arm  Warburg  vessels  were  employed.  The  final  concentrations 
of  material  in  the  vessels  were:  glucose,  0.01  M;  NaHCOa,  0.02  ;  salt  mixture 

and  cell  suspension,  0.5  ml.;  temperature,  37.9  ±0.05°  C.;  gas,  5%  CO«-959^  N,; 
pH,  ca.  7.4;  the  total  fluid  volume  was  2.0  ml. 

The  glycolytic  activity  was  expressed  as  microliters  of  carbon  dioxide 

evolved  per  hour  per  0.1  mg.  cell-nitrogen  (Qi.ctic  .na  =  ju.  i  COj/hr/O.!  mg.  N). 

The  nitrogen  determinations  were  performed  in  triplicate  upon  samples  of 

the  2  per  cent  cell  suspension  before  it  w’as  added  to  the  reaction  vessels.  To 
1  ml.  of  cell  suspension  in  a  Kjeldahl  flask  was  added  1  ml.  of  50  per  cent  HoSO^. 

The  mixture  was  digested  for  30  minutes,  2  drops  of  30  per  cent  hydrogen 

jieroxide  added,  and  dige.stion  was  continued  for  another  15  minutes.  The  flask 

was  allow'ed  to  cool  and  was  then  connected  directly  to  an  imiirovised  Pregl  tube. 
Two  milliliters  of  H^X)  and  3  ml.  of  40  per  cent  NaOH  were  run  into  the  flask 

and  the  ammonia  was  steam-distilled  for  3  minutes  into  10  ml.  of  2  per  cent 

boric  acid  containing  2  drops  of  a  mixture  of  0.1  per  cent  methyl  red  and  0.1 

per  cent  bromcresol  green.  The  boric  acid  was  titrated  back  to  the  endpoint 

with  0.020  N  H.jS()^  from  a  Koch  microburette,  and  the  nitrogen  values  were 

calculated.  Digested  ammonium  sulfate  standards  containing  1  mg.  N  could 

l>e  recovered  consistently  with  a  precision  of  100  ±0.3  per  cent.  The  cell-nitrogen 

found  in  samples  of  the  various  “2  per  cent”  cell  suspensions  was  usually  in 
the  neighborhood  of  0.5  mg.  N.  per  milliliter. 

Ammonium  phosphate  and  potassium  jihosphate  buftei-s,  pH  7.4,  were  pre¬ 
pared  by  mixing  approjiriate  amounts  of  eipiimolar  .solutions  of  the  monobasic 
and  dibasic  forms  of  each  salt. 

♦For  complete  tleacriptlon  of  the  WarburK  techniques  see  Unibreit.  AV.  \V..  Burris.  .\.  H.. 
and  Stauffer,  J.  K.  Manonietric  techni<iues.  Minneapolis,  Burgess,  ci945.  203  pp. 

tSait  mixture,  stock  .solution : — 

''ft 

MrSOi  •  7HsO  4.0 
NaCI  0.2 

MnSO.  •  HjO  0.2 
KeSO,  •  7  Hit)  0.2 

The  KeSOi  was  prepared  separately  and  a  small  (luantity  of  JICI  was  added  to  retard 
oxidation  of  the  iron  durinR  atorase. 

tone  volume  of  washed  packed  cells  suspended  in  50  volumes  of  wash  solution  contain- 
inR  2  voiumes  of  salt  mixture. 
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In  the  experiments  all  reactions  were  run  in  duplicate  or  triplicate  vessels. 

The  cells,  salts,  and  buffers  were  placed  in  the  main  body  of  the  flasks,  and  glu¬ 

cose,  water,  or  test  solution  was  added  from  the  side-arms  after  gassing  and 
temperature  equilibration  were  completed.  The  usual  thermobarometer  was 
used  to  control  variations  due  to  changes  in  atmospheric  pressure  during  the 

experiments. 

Manometer  readings  were  made  at  10  minute  interv'als.  In  the  presence  of 
substrate,  glycolysis  began  immediately  and  proceeded  at  a  constant  rate  for 
1  to  2  hours,  depending  upon  the  concentration  and  activity  of  the  cells  and 
the  rate  of  exhaustion  of  the  substrate. 

Preliminary  experiments  indicated  that  the  rate  of  CO,  evolution  was 

approximately  the  same  from  preparations  at  pH  7.4  and  at  pH  6.1. 

EXPERIMENTAL 

Effect  of  Ammonium  Phosphate  on  Glycolytic  Activity. — To  study  the 
effects  of  ammonia  on  glycolysis  under  slightly  alkaline  conditions,  the  reaetions 

were  run  at  pH  7.4  and  ammonium  phosphate  buffer  was  added  in  serially 

increasing  concentrations.  Equimolar  potassium  phosphate  buffer  was  substi¬ 
tuted  in  vessels  which  were  run  parallel  to  these,  and  which  were  otherwise 

identical.  Endogenous  activity  was  obser\ed  in  vessels  in  which  distilled  water 
was  substituted  for  glucose.  (For  results  see  Table  I  and  Fig.  1.) 

It  was  apparent  that  the  glycolytic  activity  of  the  suspensions  was  depressed 

progressively  in  the  presence  of  increasing  concentrations  of  phosphate.  The 
ammonium  salt  was  not  especially  more  effective  than  the  potassium  salt,  and  in 

the  lowest  concentration,  0.0072  M,  ammonium  phosphate  appeared  to  exert  a 

mild  stimulatory  effect.  This  stimulation,  and  the  apparent  higher  activity  of 

all  of  the  ammonia-containing  suspensions,  may  be  a  reflection  of  the  stimulating 

effect  of  NH%  upon  glycolysis  and  transphosphorylation,  an  effect  w'hich  is 

considerably  greater  than  that  of  K+."’ 

Table  I.  Effect  of  Ammoni’.’m  and  Potassium  Phosphates  on  Iglycolytic  Activity  or 
L.  ACIDOPHILUS  4«U6  IN  BICARBONATE  BUFFER,  [)H  7.4,  AT  38'  C 

flask-concentration OF 

ADDED  BUFFER 

(molarity) 

OLYCOLYTIC  ACTIVITY 

flL.  CO5/HR./O.I  MG.  CELL-NITROGEN 
AVERAGES  OF  TRIPLICATES 

POTASSIUM 

PHOSPHATE 

AMMONIUM 

PHOSPHATE 

98.0 98.0 

92.3 115.8 

83.0 

92.0 

0.05 

69.7 

86.6 

0.10 
46.8 

55.8 

0.15 29.1 38.9 
22.8 26.5 

0.38 7.4 

13.2 

Effect  of  Urea  on  Glycolytic  Activity. — To  observe  the  influence  of  urea 
upon  the  glycolytic  activity  of  intact  washed  lactobacilli,  the  organisms  were 

grown  and  prepared  as  described.  The  experimental  conditions  were  substan¬ 
tially  the  same  as  those  employed  in  the  previous  section. 
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After  };as  and  temperature  equilibration,  "lucose  was  added  to  the  cells 
from  a  side-arm  and  carbon  dioxide  evolution  was  followed  for  40  minutes. 

I'rea  was  then  added  from  the  other  side-arm  to  give  final  concentrations  of 
2  M,  3  M,  and  4  M,  and  the  activity  was  followed  for  70  minutes  longer.  Each 

urea-containing  vessel  was  controlled  with  a  comparable  vessel  from  which  the 
glucose  substrate  had  been  omitted. 

Fig.  1. — Kffect  of  phosphate  upon  glycolytic  activity  of  L.  acidophilus  4646,  measured  by 
carbon  dioxide  evolution  from  bicarbonate  buffer,  pH  7.4,  at  38“  C. 

The  rate  of  glycolysis  was  comparable  in  all  of  the  vessels  before  the  addi¬ 
tion  of  urea  (Fig.  2).  After  the  urea  was  added,  a  momentary  decrease  in 

liressura  occurred,  w'hich  incidentally  was  not  due  to  tiuctuation  in  pH.  During 
the  following  10-minute  interval,  a  new  e(|uilibrium  was  reached,  and  the  rate 
of  glycolysis  was  observed  to  have  declined  in  proportion  to  the  quantities  of 

urea  which  were  present.  Inhibition  was  almost  complete  in  the  presence  of 

4  M  urea,  but  not  in  the  presence  of  3  M  or  2  M  urea. 

Effect  of  Exposure  to  Urea  Prior  to  Glycolysis. — Muntz  and  Miller®  showed 
that  glycolysis  in  dental  placiue  material  was  almost  completely  inhibited  after 
exposure  to  8  urea  for  10  minutes.  Since  in  the  preceding  experiments  almost 
complete  inhibition  was  obtained  with  only  4  M  urea,  it  was  desired  to  determine 

whether  previous  exposure  to  this  concentration  would  lower  the  future  glyco¬ 
lytic  activity  of  the  lactobacilli. 

Ten  milliliters  of  a  2  per  cent  suspension  (by  volume)  of  routinely  w'ashed 
cells  were  dispensed  into  each  of  4  tubes,  and  the  contents  were  centrifuged 

for  15  minutes.  The  supernatant  fluids  were  carefully  aspirated  and  discarded. 
The  cells  in  Tube  1  were  resuspended  in  25  ml.  of  0.5  per  cent  salt  mixture; 
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those  in  Tube  2,  in  25  ml.  of  4  M  sodium  chloride;  and  those  in  Tube  3,  in  25  ml. 

of  4  IM  urea.  After  mixing,  these  tubes  were  incubated  at  37°  C.  for  one  hour. 
After  the  first  30  minutes  had  elapsed,  25  ml.  of  4  M  urea  were  added  to  the 

cells  in  Tube  4,  and  this  suspension  was  incubated  for  only  30  minutes. 

At  the  end  of  the  incubation  period,  the  suspensions  were  centrifuged  for 

15  minutes  at  room  temperature,  and  the  supernatant  fluids  were  aspirated  as 

completely  as  i)ossible.  The  tubes  were  inverted  for  5  minutes  to  drain  them 

well.  The  supernatant  fluids  were  tested  with  a  Macbeth  pH  meter  and  were 

found  to  have  remained  unchanged  at  pH  7.0. 

0  10  20  30  Uo  50  60  70  80  90  100  110 

nm  IN  MnuTES 

KIk.  2. — The  effect  of  added  urea  on  the  glycolytic  activity  of  /..  acidophilus  4646  in  bicar¬ 
bonate  buffer,  pH  7.4.  at  38“  C.  -  No  urea;  •  —  •  —  •  2  M  urea; - 3  M  urea: 
o — 0—0  4  M  urea.  Lower  curves  represent  endogenous  activity.  Urea  was  added  after  40 minutes. 

The  packed  cells  were  then  lesuspended  in  70  ml.  of  cold  0.5  per  cent  salt 

mixture  and  were  recentrifuged  and  decanted.  To  each  tube  was  then  added 

20  ml.  of  2  per  cent  salt  mixture,  to  obtain  a  1  per  cent  cell  suspension.  The 

residual  urea  and  NaCl  were  thus  diluted  out  to  at  least  1/1400  of  their  original 

concentrations.  Aliipiots  were  removed  from  each  tube  for  dry  cell  weight 
determinations. 

The  Warburg  flask  conditions  were  essentially  the  same  as  in  the  preceding 

experiments,  except  that  a  mixed  sodium-imtassium  phosphate  buffer  (0.075  M, 
pH  7.4)  was  included  in  all  vessels.  The  glucose  solutions  and  the  water  controls 

were  held  in  the  side-arms,  and  contained  no  buffer,  so  that  a  small  decrease  in 

])ressuFe  was  observed  immediately  after  the  side-arms  were  em[)tied. 

For  each  of  the  4  cell  suspensions  a  glucose-free  control  was  run  along  with 

the  glycolyzing  preparations.  Activity  was  followed  for  80  minutes.  The  find¬ 
ings  are  shown  in  Table  II  and  Pig.  3. 
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Table  II.  Effect  of  Prior  Exposure  to  Urea  Upon  Glycolytic  Activity  of 

L.  ACIDOPHILUS  4646  in  Bicarbonate  Buffer,  pH  7.4 

TUBE 
NO. TREAT.MENT 

DURATION  OF 

PREINCUBATION 

DRY  WEIGHT 
OP  CELLS 

PER  VESSEL 

NET  COj 

EVOLVED 
PER  HOUR 

PER  CENT 

INHIBITION 

1 0.5%  salts 1  hour 
2.09  mg. 

— 

2 4  M  NaCl 1  hour 
2.04  mg. 

53  III. 34 
3 4  M  Urea 1  hour 

2.05  mg. 32  n\. 60 
4 4  M  Urea 

%  hour 

2.03  mg. 
33  )il. 60 

It  is  seen  that  the  activity  of  the  cells  which  had  been  preincubated  with 
4  INI  urea  was  much  lower  than  that  of  cells  preincubated  with  the  salt  mixture, 

and  that  the  effects  w^ere  not  significantly  strengthened  by  preincubation  for 
longer  than  30  minutes. 

nne  iv  minutes 

Fig.  3. — Glycolytic  activity  of  L.  acidophilus  4646,  In  bicarbonate  buffer,  pH  7.4,  at  38®  C 
after  preincubation  with  various  solutions.  (a)  -  Pre-incubated  with  salt  mixture  (60 
minutes);  (b)  •  —  •  —  •  Pre-incubated  with  4  M  NaCl  (60  minutes);  (c) - Pre-lncu- 
bated  with  4  M  Urea  (60  minutes)  ;  (d)  o — o — o  Pre-incubated  with  4  M  Urea  (30  minutes)  ; 
( e )  o  o  o  o  o  Endogenous  activity  of  preparations  without  glucose. 

The  partial  inhibition  obtained  in  the  case  of  the  4  M  NaCl  “control”  may 

be  attributed  to  a  “salting-out”  effect  upon  proteins,  or  to  some  specific  toxic 
property  of  the  sodium  or  chloride  ions.  Utter’®  has  demonstrated  that  glycoly- 
zing  rat  brain  homogenates  are  inhibited  by  sodium  ions  as  a  result  of  the  stimu¬ 
latory  effect  of  these  ions  upon  an  apyrase  present  in  his  preparations.  It  is 
possible  that  a  similar  mechanism  may  have  jiroduced  the  effect  observed  in  these 
experiments,  although  the  concentration  of  residual  sodium  was  much  lower 

than  that  employed  by  Utter. 
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.  Absence  of  Urease  Activity  in  L.  acidophilus  -i6i6. — Because  ammonium 
salts  in  high  concentration  are  capable  of  depressing  the  activity  of  the  cells, 
it  was  important  to  determine  whether  the  added  urea  had  been  hydrolyzed  to 
ammonium  carbonate  during  the  course  of  the  foregoing  experiments.  It  was 

unlikely  that  spontaneous  hydrolysis  had  occurred  under  the  conditions  em¬ 

ployed,  and  although  Stephan  stated  that  lactobaeilli  exhibit  no  urease  activity,'* 
this  feature  was  investigated  with  suspensions  of  the  cells. 

A  modification  of  the  method  of  Conway"  was  employed  to  estimate  am¬ 
monia.  In  the  modification,  Warburg  vessels  w’ere  used  in  place  of  the  usual 

(,’onw'ay  dishes.  Standard  quantities  of  ammonia  could  be  recovered  consistently 
with  good  internal  agreement  in  proportionality.  With  flask  conditions  as 

described,  except  that  a  3.3  per  cent  cell  suspension  (9.15  mg.  dry  weight)  W’as 
present  in  each  ves.sel,  there  was  no  detectable  ammonia  formation  from  0.017  M 

urea  in  3  hours  with  or  without  glucose.  Ammonia  standards  were  recovered 
completely  from  control  vessels. 

DISCUSSION 

These  studies  indicate  that  while  L.  acidophilus  4646  may  not  flourish  in 

the  jiresence  of  5  per  cent  ammonium  phosphate  under  certain  conditions,®  non¬ 
proliferating  cells  may  continue  to  produce  acid  from  glucose. 

The  mechanism  of  the  inhibition  observed  with  both  ammonium  and  potas¬ 

sium  phosphates  was  not  investigated  further.  It  may  be  speculatively  attri¬ 
buted  to  electro.static  or  osmotic  effects,  or  to  the  inactivation  of  magnesium  or 

other  cofactors  of  the  glycolytic  enzymes  by  the  formation  of  phosphate  com¬ 

plexes. 
A  0.38  ]\I  solution  of  dibasic  ammonium  phosphate  is  a  5  per  cent  solution 

of  that  salt.  This  is  5  times  the  final  concentration  u.sed  by  Kesel  O’Donnell, 
Kirch,  and  Wach  in  their  growth  experiments.  On  the  basis  of  the  present 

experimental  findings,  it  w'as  considered  that  the  nonspecific  depressant  effect 
manifested  by  ammonium  phosphate  ujion  the  glycolytic  activity  of  washed  cell 
preparations  of  lactobaeilli  would  not  adequately  account  for  the  inhibition  of 

growth  nor  for  the  prevention  of  acid  fonnation  in  .saliva-glucose  mixtures  as 
reported  by  those  investigators. 

Urea  was  effectively  inhibitory  tow’ard  glycolysis  only  when  its  concentra¬ 
tion  approached  4  Molar  (24  per  cent).  The  maintenance  of  this  level  in  the 

mouth  is  impractical,  but  short  exposures  are  reported  to  be  effective®  in  retard¬ 
ing  acid  production  in  the  dental  plaque. 

The  mechanism  by  which  urea  affects  the  activity  of  the  organisms  has  not 
been  elucidated.  The  absence  of  urease  activity  indicated  that  the  influence  of 

urea  ujion  the  glycolytic  activity  of  the  organisms  in  ])receding  experiments 
could  not  be  ascribed  to  either  the  alkalinity  or  toxicity  of  formed  ammonia. 

However,  there  exists  a  iiossibility  that  urea  may  enter  into  the  metabolic  proc¬ 

esses  of  the  cells  in  a  manner  by  w'hich  no  ammonia  is  liberated  into  the  medium. 
This  matter  could  be  investigated  further  using  isotopic  urea. 

In  related  experiments'®  it  was  found  that  urea  inhibited  acid  formation  in 
saliva-glucose  mixtures,  but  the  effective  urea  concentrations  invariably  caused 



V'olumt  30 
Number  5 

L.  ACIDOPHILUS  4646:  ANAEROBIC  GLYCOLYSIS 
663 

coafiulable  material  in  the  saliva  to  precipitate.  Furthermore,  in  a  number  of 
studies  on  bacterial  respiration  in  whole  saliva,  in  which  lactobaeilli  play  a  very 

small  part,  oxygen  consumption,  too,  was  inhibited  by  strong  solutions  of  urea. 
The  observations  strongly  suggest  that  the  inhibitoiy  action  of  urea  is  closely 

a.s.sociated  with  its  ability  to  denature  many  types  of  protein,  as  mentioned  by 

Muntz  and  Miller,®  and  that  its  behaviour  toward  lactobaeilli  is  probably  non¬ 
specific.  It  should  be  borne  in  mind  that  the  oral  fluid  abounds  with  many  acid- 
ogenie  streptococci  and  other  forms,  whose  susceptibility  to  ammonia  and  urea 
have  not  been  demonstrated. 

It  may  be  implied  that  the  introduction  of  ammonium  phosphate  and  of 

urea  into  the  oral  cavity  should  not  be  expected  to  cause  immediate  inhibition  of 

acid  formation,  unless  the  concentration  of  these  compounds  is  maintained  at  a 

high  level,  and  the  reaction  of  the  fluid  is  kept  alkaline.* 

SUMMARY  AND  CONCLUSIONS 

1.  A  study  has  been  made  of  certain  effects  of  ammonium  phosphate  and 

of  urea  upon  the  glycolytic  activity  of  nonproliferating  cell  suspension  of  L. 

acidophil  us  4646. 

2.  The  rate  of  glycolysis  with  intact  cells  at  pH  7.4  was  depressed  in  the 

pre.sence  of  either  ammonium  phosphate  or  potassium  phosphate  buffers,  in  pro¬ 

portion  to  the  concentration  of  the  buffers.  NH4^  and  exhibited  no  significant 
difference  in  inhibitory  power  under  the  conditions  employed. 

3.  In  the  presence  of  4  ̂ I  urea,  the  glycolytic  activity  of  washed-cell  prep¬ 
arations  was  almost  completely  inhibited.  Lower  concentrations  of  urea  were 
less  effective. 

4.  Preincubation  of  washed  lactobaeilli  in  4  M  urea  for  30  minutes  resulted 

in  marked  reduction  of  their  glycolytic  activity  thereafter.  The  effect  was  not 

heightened  by  longer  preincubation. 

5.  No  appreciable  urease  activity  was  detected  in  suspensions  of  these  organ¬ 
isms. 

6.  The  implications  of  the  findings  are  di.scussed  briefly. 
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IN  AN  earlier  publication^  a  review  of  the  literature  indicated  that  the  idea of  ])ossible  bacterial  antagonism  among  the  oral  flora  had  been  recorded  a 

number  of  years  previously,  but  the  experimental  data  illustrating  the  an¬ 
tagonism  are  limited.  With  the  use  of  the  agar-streak-plate  test  the  investi¬ 
gators  in  this  laboratory  had  found  that  a  random  sample  of  the  bacteria  from 
pooled  saliva  indicated  this  antibacterial  activity  was  more  prevalent  than 

previously  described.  However,  the  streak-plate  method  and  pooled  saliva  did 

not  lend  itself  to  any  concrete  estimation  as  to  the  frequency  of  this  phe¬ 
nomenon  in  individual  salivas  and  the  relative  abundance  of  these  bacteria  in 

measured  quantities  of  saliva.  The  investigation  reported  here  gives  some 
information  in  this  connection. 

MATERIALS  AND  METHODS 

Saliva  samples  were  collected  from  98  young  adult  individuals.  Immedi¬ 
ately  upon  arising,  the  donor  chewed  sterile  paraffin  for  three  minutes  and 

dei)osited  all  saliva  in  a  sterile  bottle.  The  sample  was  brought  to  the  labora¬ 
tory  by  8 :0()  A.M.  and  immediately  refrigerated  until  1 :00  p.m.  when  it  was  used. 

To  determine  the  bacterial  antagonistic  activity,  a  modification  of  one  of 

the  techniques  described  by  WaksmaiU  was  used. 

The  saliva  sample  was  shaken  3  minutes  in  a  Kahn  shaker.  One  c.c.  of 

the  saliva  was  then  placed  in  9  c.c.  of  sterile  saline.  The  I  :I0  dilution  was 
further  diluted  in  saline  to  1 :100,  1 :1000,  and  1 :10,000.  The  I  :I0  dilution  was 

discarded,  since  preliminary  work  indicated  it  would  not  yield  isolated  colonies 

upon  plating.  One-tenth  c.c.  portions  of  the  I  :I00,  1 :1000,  and  1 :10,000  dilu¬ 

tions  were  placed  in  10  c.c.  of  melted  blood  agar  base  (42®  C.),  thoroughly 
agitated  by  hand  and  poured  into  Petri  dishes.  These  plates  were  incubated 

72  hours  at  37°  C.  At  the  end  of  this  incubation  period,  the  growth  on  these 
plates  was  covered  with  a  thin  film  of  tomato  agar  which  had  been  previously 

inoculated  with  a  heavy  suspension  of  lactobacilli.  The  tomato  juice  agar  was 

prepared  by  adding  0.5  c.c.  of  a  48  hour  growth  of  Hadley  lactobacillus  (A.  T. 

U.  4040)  in  2  i)er  cent  sucrose  broth  to  10  c.c.  of  melted  (42°  U.)  pH  6.1  tomato 

juice  agar.  The  plates  were  reincubated  96  hours  at  37°  C. 
At  the  end  of  the  second  incubation  period  the  plates  were  examined  on 

a  Quebec  colony  counter.  Over  and  around  the  saliva  bacterial  colonies,  in 

some  instances  the  lactobacillus  showed  no  growth,  in  other  instances  an  area 
of  lactobacillus  stimulation  or  satellitism  was  observed. 

This  investlRation  was  supported  by  a  research  grant  from  the  National  Institute  for 
Dentai  Research  of  the  Nationai  Institutes  of  Health.  United  States  Pubiic  Health  Service. 
Rethesda.  Md. 

Received  for  publication  March  19.  1951. 

♦Present  adciress — Coiiege  of  Physicians  and  Surgeons,  San  Francisco.  Calif. 
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Blood  agar  base,  yeast  dextrose  agar  and  proteose  peptone  broth  were 

used  in  establishing  pure  cultures  of  the  organisms  producing  these  two  phe¬ 
nomena.  Since  the  stimulatory  organisms  grew  rather  easily  upon  subeultur- 

ing,  a  random  sample  of  fourteen  different  colony  types  w^ere  isolated.  Sub¬ 
cultures  of  seventy-five  individual  inhibition  colonies  from  twenty-five  salivas 
were  attempted,  but  only  eleven  survived. 

Using  blood  agar  base  media  the  jnire  cultures  were  tested  for  antagonistic 

action  by  the  agar  streak-plate  method.  The  test  organism  pure  culture  was 

streaked  across  the  plate  and  incubated  72  hours  at  37°  C.  Then  each  of  three 
strains  of  lactobacilli  were  cross  streaked  into  the  test  organism  at  right 

angles.  The  three  lactobacilli  were :  A.  T.  C.,  H-4646,*  and  one  isolated  from 

saliva.  The  plates  were  then  reincubated  for  96  hours  at  37°  C.,  after  which 
the  distance  from  the  test  organism  showing  no  lactobacillus  growth  was  noted. 

The  agar  well  technique®  with  blood  agar  base  media  was  used  to  test  the 
pure  cultures  for  saliva  compatability.  Pour  plates  using  the  test  organism 

as  the  inoculum  were  made  2-3  mm.  dee])  and  w'ells  10  mm.  in  diameter  were 
cut.  Freshly  collected  salivas  were  placed  in  the  wells  and  the  plates  incu¬ 

bated  72  hours  at  37°  C.  At  this  time  the  plates  w'ere  examined  for  a  growdh- 
free  zone  around  the  wells.  Each  pure  culture  was  tested  against  sixteen  dif¬ 
ferent  salivas. 

RESULTS 

The  double  pour-plate  technique  show^ed  that  90  of  the  98  salivas  examined 
contained  bacteria  that  influenced  the  growth  of  the  Hadley  lactobacillus. 

Eighty-nine  of  the  salivas  had  colonies  that  produced  areas  of  larger  lactobacillus 

colonies — stimulation  or  satellitism  (Fig.  1).  Twenty-five  salivas  had  colonies 
that  produced  zones  free  of  lactobacillus  growth — inhibition  (Fig.  2).  In  some 
instances  the  same  saliva  colony  exhibited  both  phenomena  (Fig.  3).  All  the 

salivas  which  show'ed  inhibition  also  showed  some  stimulation  with  one  exception. 
Hence  only  eight  salivas  failed  to  demonstrate  both  phenomena. 

The  number  of  these  organisms  per  c.c.  of  saliva  is  indicated  in  Table  T. 
The  number  for  the  stimulatory  activity  ranged  from  zero  to  3,700,000,  with 
most  salivas  below  one  million.  Most  of  the  salivas  wdth  the  inhibitory  activity 

gave  counts  of  ten  to  twenty  thousand. 

The  cross-streak  test  results  of  the  pure  cultures  are  given  in  Table  11. 
It  can  be  seen  that  most  of  the  inhibitory  organisms  surviving  pure  culture 

isolation  still  showed  the  same  phenomenon.  However,  the  original  stimula¬ 
tory  organisms  also  demonstrated  the  inhibition. 

The  types  of  organisms  established  in  ])ure  culture  are  given  in  Tables 

HI  and  IV.  It  can  be  seen  that  a  wide  variety  of  forms  were  found.  The  at¬ 

tempt  to  secure  some  idea  concerning  the  growth  compatibility  of  the  organ¬ 
isms  with  saliva  also  is  given  in  Tables  HI  and  IV.  Good  compatability  was 

evidenced  by  most  of  the  organisms  with  almost  all  the  salivas  used.  Neither 

did  good  nor  poor  compatibility  seem  to  be  especially  linked  with  any  special 

type  of  organism. 

*A  lyophilized  strain  secured  from  the  Regional  Agriculture  Laboratory  at  Peoria.  Ill. 
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Fig.  1.  Fig.  2. 

FiK.  3. 

Fig.  1. — Saliva  bacterial  colony  showing  an  area  of  iactobacilius  growth  stimulation. 

Fig.  2. — Saliva  bacterial  colony  showing  an  area  of  iactobacilius  growth  inhibition. 

Fig.  3. — Saliva  bacterial  colony  showing  an  area  of  iactobacilius  growth  inhibition  and  an 
area  of  stimulation. 

The  results  of  this  investifiation  would  seem  to  indieate  that  the  saliva  from 

most  individuals  contains  ai)i)recial)le  numbers  of  bacteria  that  can  have  an 

influence  on  Iactobacilius  fjrowth,  but  it  is  recognized  that  too  much  siprnifi- 

cance  should  not  be  placed  on  any  exact  numerical  evaluation.  This  is  not 

unique  to  this  bacterial  count  technique;  however,  the  pour-plate  technique 

does  indicate  the  inhibition  and  stimulation  occurrence  is  of  sufficient  mag:ni- 

tude  to  offer  a  supply  of  source  material  for  investigation  of  these  phenomena. 

Several  interesting  relationships  of  these  phenomena  already  are  apparent. 

DISCUSSION  A.VD  SUMM.\RY 
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The  difference  between  the  good  stimulatory  and  poor  inhibitory  pure 
culture  survival  is  striking,  but  not  understood.  Whether  a  relatively  large 

group  of  the  inhibitory  organisms  represent  anaerobic  forms,  or  require  some 
specific  vitamin  or  some  other  special  culture  procedure  for  continued  growth 
remains  to  be  determined. 

Table  I 

Number  Organisms  per  c.c.  Saliva  Showing  Stimulatory  and  Inhibitory 
Activity  to  Hadley  Lactobacillus 

NO.  INDIVIDUALS ORGANISMS  PER  C.C.  SALIVA 

9 
14 

1-100,000 

9 101-200,000 

12 

201-300,000 
13 301-400,000 
8 401-500,000 

stimulation 7 501-600,000 
4 601-700,000 
3 701-800,000 
1 801-900,000 

3 901-1,000,000 
9 

1,001-1,500,000 5 
1,501-2,000,000 

1 
3,700,000 1 
200 1 

1 

13 INHIBITION 5 
1 
1 

50,000 1 
70,000 1 
90,000 

Table  II 

Results  of  Cross-Streak  Test  of  Organisms  Originally  Showing  Stimulatory 

AND  Inhibitory  Activity  With  Double  Pour-Plate  Technique 

NO  GROWTH  of 

TEST  ORGANISM NO  INHIBITION INHIBITION 

TOTAL Original  inhibition 2 2 7 11 
Original  stimulation 0 2 

(after  24  hours) 
12 14 Total 2 4 19 25 

Tested  with  3  strains  of  Lactobacilli. 

The  relationship,  if  any,  of  the  stimulation  and  inhibition  is  not  clear. 

They  could  repre.sent  two  different  phenomena,  but  the  pour-plate  technique 
demonstrated  both  with  the  same  bacterial  colony  (Fig.  3).  In  addition,  the 

cross-streak  test  showed  as  good  inhibition  with  original  stimulation  colonies 
as  with  original  inhibition  colonies.  Additional  evidence  is  needed  before  a 
conclusion  can  be  reached. 

Since  the  definitive  oral  flora  is  not  known  and  apparently  is  difficult  to 
determine,  the  status  of  these  organisms  in  this  connection  likewise  is  not 

settled.'  All  that  can  be  said  is  that  the  well  tests  seem  to  indicate  most  of 
them  can  grow  when  saliva  exerts  some  influence  on  their  environment.  It  is 

recognized  also  that  the  nature  of  the  substances  causing  both  the  stimulation 
and  inhibition  has  not  been  determined. 
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It  is  hoped  continued  investigation  will  provide  additional  information 
concerning  these  phenomena. 

Table  III 

Well  Technique  Saliva  Compatability  of  Organisms  Originally  Showing 
Stimulation  of  Hadley  Lactobacillus 

• NUMBER  OF  SALIVAS 

ORGANISM NO INHIBITION 
1  RETARD  1  INHIBITION  \ 

TOTAL 
K. 

Mycobacteriaceae  or 
Actinomycetaceae 

*10 

2 4 16 
K. 

Micrococcus  epidermidis 

*16 

0 0 

16 

R, 
Micrococcus  candidus 

*16 

0 0 

16 

Rr 
Micrococcus  candidus 

*15 

(1,  no  growth) 

16 

R. 
Sarcina  flava 

*15 

1 0 

16 

R« 
l.*ctobacillus  sp. 

growth 
too  poor  to  ev4iluate 

R, 
Phycomycetes  sp. 

*16 

0 0 

16 

R» 
Nocardia  sp. 2 7 7 

16 

R. 
Streptococcus  laetis  or 
durans 

*14 

0 2 

16 
R.. 

Bacillus  subtilis 9 0 7 

16 

Rn 
Micrococcus  epidermidis 
or  Graffkya  tetragena 

*16 

0 0 

16 
R„ 

Mycobacteriaceae  or (1, no  growth) 
Actinomycetaceae 3 6 6 

16 

R., 
Bacillus  brevis 

*16 

0 0 

16 

R» 

IjHctobacillus  sp. 
growth 

too  poor  to  evaluate 

•tJood  Compatability 9 
Poor  Compatability 3 
No  evaluation 2 

Total 
14 

Table  IV 

Well  Technique  Saliva  Compatability  of  Organisms  Originally  Showing 
Inhibition  of  Hadley  Lactobacillus 

j  NUMBER  OF  SALIVAS 
ORGANISM 

1  NO 

INHIBITION 1  RETARD  1  INHIBITION  | 
TOTAL H, 

Micrococcus  luteus 

*14 

0 2 16 H, 

Corynebacterium  xerase 

*12 

1 3 

16 

H, 
Micrococcus  luteus  or 

*16 

0 0 

16 
urease 

H. 

Mycobacteriacreae  or 
Actinomycetaceae 

grotl'th 

too  poor  to  evaluate H. 

Corynebacterium  xerase 5 8 2 

15 

H. 

Mycobacteriaceae  or 
Actinomycetaceae growth 

too  poor  to  evaluate H, 
Bacillus  brevis 

*16 

0 0 

16 

H, 
Bacillus  cereus 

*15 

1 0 16 H. 

Micrococcus  epidermidis 

*16 

0 0 16 H„ 
,  Bacillus  brevis 

*16 

0 0 16 H,. 
1  Gaffkya  tetragena 

growth too  poor  to  evaluate 

*(lood  Compatability  7 
Poor  Compatability  I 
Xo  evaluation  3 

Total  11 
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VII.  Thk  Kffki't  of  Aktifkmai.ly  Fluokidatkd  \V.\tkr  on*  Dental  Caries 

Hxi'Erieni'e  of  12-,  13-,  and  14-Vear-()ld  Scikxil  (’hildren 

IDEX  X.  HILL,  D.D.S.,  J.  H.  HLAYXEY,  M.S.,  D.D.S.,  AXI)  WALTER.  WOLF,  B.S.C. 

H'aitt  r  a.  ZitUtr  Memorial  Pnital  Clinic,  I'nivcrttity  of  Chicayo,  Chicayo,  III. 

FOMMI^II  ropoits  from  The  Evanston  Dental  ('aries  Study  have  been  con- eerne;l  with  the  siRiiitieanee  of  artifieially  fluoridated  drinking  water  and 

its  infiUenee  on  dental  varies  exi)erienee.  Driefly  these  reports  are  as  follows: 

(1)  "ri.e  determination  of  tluoiine  in  teeth,  in  dental  eemeiits  and  in  foods 

jtui-ehased  loeaKy;  (2)  the  outline  of  the  study,  the  school  clinics,  and  clinical 
and  ladioRiaphic  procedures;  (If)  the  larf»e  numbers  of  communal  water 

supplies  c<tntaininR  Huoi-ides  found  in  Indiana,  Ohio,  Illinois.  South  Dakota, 
and  Texas  and  the  number  of  peoi)le  having  access  to  these  waters  grouped  ac¬ 

cording  to  fliKtrine  .strengths;  (4)  the  most  prevalent  type  of  lactobaeillus. 

using  the  lla<lley  and  Hunting  classification.  Also  after  12  months  of  fluorine 

there  was. a  displacement  of  ab«iut  o  per  cent  of  the  cases  t)f  the  (i-  and  8-year- 

old  children  from  the  higher  count  groui)s  (over  1000  lacto  per  milliliter)  to 

the  lower  count  groups  (those  under  1000  ml.)  ;  (5)  the  relationship  of  the 

fluorine  content  of  saliva  on  the  prevalence  of  dental  caries  and  that  of  the 

tluorine  content  of ‘saliva  on  the  lactobaeillus  counts  ;  (0)  the  caries  rate  for 
the  ()-.  7-.  and  8-year-old  children  after  12  to  22  months  of  fluoridated  water 

showed  an  inci  ease  i«i  the  rate  (»f  the  deciduous  teeth  for  the  6-  and  8-year-old 

children  while  the  I'ate  for  the  7-year-olds  was  decreased.  A  reduction  was 
shown  in  the  decayed,  missing  and  filled  rate  of  the  permanent  teeth  of  the 

I)-,  7-,  and  8-year-olds. 

The  curient  repen  t  is  based  on  the  caries  rates  of  the  12-.  K1-,  and  14-year- 

old  children  in  Evanston  after  23  to  34  months'  exp.osure  to  fluoridated  drinking 
water. 

FINDINU.S 

The  lh4h  survey  indicateel  a  reduction  of  approximately  12  jier  cent  in 

the  caries  experience  of  the  )>ermanent  teeth  of  12-,  13-,  and  14-year-old  school 

children  when  cmnpared  to  the  base  examinations  of  students  of  the  same 

age  groups.  The  children  demonstrating  immune  permanent  teeth  increased 

about  73.21  per  cent  for  the  three  age  gi’oui)s. 
The  precarious  lesions  were  markedly  reduced.  Precarious  lesions  being 

tho.se  deep  pits,  fi.ssures,  and  grooves  where  a  (piestionable  etching  along  the 

peripheral  border  was  present,  or  (piestionable  soft  material  was  demonstrable 

at  the  base  of  the  pit,  fi.ssure,  or  groove,  and  yet  where  there  was  no  frank 

caries  present.  (Tables  I,  II,  and  111.) 

Rtfail  at  the  Twenty-Ninth  (leneral  MeetinK  of  the  International  .Association  for  Dental 

Research..  F'rench  Lick,  Iniliana,  March  17-19,  1951  (J.  D.  Res.  465). 
This  InvestiKation  was  supported  (in  part  I  by  a  research  fjrant  from  the  National 

Institute  for  Dental  Research,  National  Institutes  of  Health,  I'nited  States  I’ublic  Health Service. 

Received  for  publication,  March  8,  1951. 
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Table  I 

Caries  Rates  of  12-Year-Oli)  Evanston  Children  in  1946  and  1949 

[  1946 

1  Nap  0.0 
1949 

NaF  1.0 
1 
1  PERCENTAGE 

Examinations 
418 

522 D.M.F.  permanent  teeth 763.16 681.99 R 11.16 

Permanent  molars  oeclusal  surface  caries  ex- 351.67 .313.41 R 10.88 

perience 
Fn*e  from  occlusal  surface  caries  experience 

194.02 221.46 I 14.14 

D.F.  anterior  teeth  (cuspid  to  cuspid) 
Maxillarv 127.27 

110..34 
R 13.30 

Mandibular 31.82 
28.16 R 11.50 

Tooth  surfaces  with  precarious  lesions  (deep 130.62 57.85 R 
55.71 

pits  and  fissures) 
Immunity  to  dental  caries 1.44 

1.53 
I 

6.25 

Fluoridation  period  is  2:i  to  3  4  months. 
Kates  are  per  100  children. 
K  =  Ke.luction. 
I  =  Increase. 

Comparison  of  the  caries  rates  of  all  ehihlren  in  the  study  area  (Evanston. 

111.)  and  the  control  area  (Oak  Park.  111.)  jirior  to  the  addition  of  sodium 

fluoride  to  the  communal  water  suiijily  of  the  study  area  indicated  a  lower 
caries  rate  for  school  children  of  the  control  area. 

In  an  effort  to  find  the  source  of  these  differences  in  caries  prevalence,  it 

was  found  to  he  due  larg:ely  to  differences  in  the  make-up  of  the  student 

proups  examined  in  the  two  areas.  While  in  the  study  area  22.2  per  cent  of 

the  children  examined  were  attendinp  i>arochial  schools,  no  such  children 

were  included  in  the  control  area:  and  while  5.(5  ])er  cent  of  the  children  in 

the  study  area  were  Xepro  ehihlren.  only  (*.l  per  cent  of  the  children  in  the 

control  area  were  Xepro.  Statistically  sipnificaut  differences  were  found  to 

exist  between  the  caries  rates  of  Nepro  ami  parochial  school  children  on  one 

hand,  and  public  white  school  children  on  the  other  hand. 

(Jenerally.  the  caries  rates  of  jiarochial  school  children  were  found  to  be 

hipher  and  those  of  Xepro  children  lower  than  those  of  white  children  in  pub¬ 

lic  schools.  Therefore,  comiiarisons  of  caries  rates  for  the  study  proup  and 

Table  II 

Caries  Rates  ok  la-YEAR-OLD  Evanston  (’iiildren  in  1946  and  1949 

1 
1946 .X'aF  0.0 

1  194
9 

1  NaF  1.0 

PERCENTAGE 

Examinations 

D.M.F.  permanent  teeth 

688 
1009.59 

677 
857.02 R 15.11 

Permanent  molars  occlusal  surface  caries  ex- 438.08 364.99 R 16.6 

perience 
Free  from  occlusal  surface  caries  experience 190.84 253.91 I 33.04 

D.F.  anterior  teeth  (cuspid  to  cuspid) 
Maxillarv 157.26 135.60 R 

13.77 
Mandibular 45.20 35.75 R 20.91 

Tooth  surfaces  with  i»re<-arious  lesions  (deep 139.10 85.52 R 
38.80 

pits  and  fissures) 
Immunity  to  dental  caries 1.02 2.51 I 146.08 

KluorlilHtlon  pt-rlod  in  23  to  34  montlin. 
Kates  are  per  100  ehildrtm. 
K  =  Kediietlon. 
I  =  Inoreaae. 
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Table  III 

Caries  Rates  of  14-Year-Oli)  Evanston  Children  in  1946  and  1949 
1946  1 

NaF  0.0 
1949 

NaF  1.0 percentage 

Examinations 

D.M.F.  permanent  teeth 

595 

1165.88 

570 

1086.84 R 
6.78 

Permanent  molars  occlusal  surface  caries  ex- 471.26 406.49 R 
13.74 

perience 
Free  from  occlusal  surface  caries  experience 183.02 238.25 I 30.18 

D.F.  anterior  teeth  (cuspid  to  cuspid) 
Maxillary 

172.60 
153.56 R 11.03 

Mandibular 45.71 
38.25 R 16.71 

Tooth  surfaces  with  precarious  lesions  (deep 1.39.33 92.81 
R 33.38 

pits  and  fissures) 
Immunity  to  dental  caries 1.01 

1.75 
I 

42.20 
Fluoridation  period  is  23  to  34  months. 
Kates  are  per  100  chUtlren. 
R  =  Retiuction. 
I  =  Increase. 

the  control  f^roup  are  based  on  the  caries  experience  of  public  white  school 
children  only,  while  such  comparisons  involving  children  in  only  the  study 

area  are  based  on  the  caries  experience  of  all  children  in  total.  The  caries 
rates  for  the  Evanston  white  school  children  in  the  1946  survey  and  the  Oak 

I*ark  w'hite  school  children  in  the  1947  survey  were  very  similar. 
It  is  interesting  to  note  that  the  1949  survey,  when  compared  with  the  base 

line  of  1946,  indicated  a  lowering  of  the  rates  for  the  public  and  parochial 

12-,  13-,  and  14-year-old  white  children  and  a  slight  increase  of  the  rate  for 
the  Negro  children  in  Evanston  when  examined  after  23  to  34  months  of 

fluoridated  water  (Table  IV). 

In  further  comparing  the  rates  for  Oak  Park  (control)  and  Evanston 

(study  area)  it  is  apparent  that  the  base  line  figures  are  very  similar.  How¬ 
ever,  in  1949  the  Evanston  group  demonstrated  reduced  rates  for  the  occlusal 

surface  caries  experience,  decayed  and  filled  anterior  teeth  and  tooth  surfaces 

with  precarious  lesions,  after  23  to  34  months  of  fluoridated  water.  The  14- 
year-old  children  in  the  Evanston  1949  examinations  were  the  only  children  to 
carry  permanent  tooth  immunity  rates  greater  than  the  1946  base  line  group 

and  the  1947  control  group.  The  12-  and  13-year-old  groups  of  1949  were  below 
one  or  the  other  or  both  of  the  same  groups  in  the  base  line  examinations 

(Tables  V,  VI  and  Vll). 
Table  IV 

D.M.F.  Permanent  Teeth  Rates  of  12-  13-  and  14- Year-Old  Evanston  and  Oak  Park 
Children 

EVANSTON  1946  1 
OAK  PARK  1947 

AGE 
public  school 

(WHITE  CHILDREN) 

FOSTER  SCHOOL  | 

(NEGRO  ONLY) 

PAROCHIAL  SCHOOL 

CHILDREN 

PUBLIC  SCHOOL 

(WHITE  ONLY) 

12 707.51 658.82 
981.32 774.29 

13 946.17 861.76 1218.13 970.00 
14 1133.33 1035.71 1322.22 1194.64 

EVANSTON  1949 
(23  TO  34  MONTHS 

OF  FLUORIDATED  WATER) 

12 
 ■ 

625.49 697.14 826.86 

13 785.89 1127.50 1008.38 
14 

1073.31 1080.00 1129.85 

Rates  are  per  100  children. 
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Table  V 

Caries  Rates  of  12-Year-Old  Evanston  and  Oak  Park  Children 

OAK  park  1947 

Nap  0.0 

1  EVANSTON  1946 

1  Nar  0.0 1  EVANSTON  1949 
1  Nap  1.0 

Examinations 280 293 353 

D.M.F.  permanent  teeth 774.29 707.51 625.49 

Permanent  molars  occlusal  surface  caries  ex- 362.86 337.20 308.21 

perience 
Free  from  occlusal  surface  caries  experience 223.93 204.10 238.52 

D.F.  anterior  teeth  (cuspid  to  cuspid) 
Maxillary 122.14 112.29 97.73 

Mandibular 26.07 31.74 21.53 

Tooth  surfaces  with  precarious  lesions  (deep 107.14 139.59 60.34 

pits  and  fissures) 
Immunity  to  dental  caries 1.79 1.71 1.70 

Fluoridation  period  in  Evanston  23  to  34  months. 

Public  white  school  children  only. 

Rates  are  per  100  children. 

In  comparing  the  findings  of  Dean,  Arnold,  Jay  and  Knutson  for  Aurora 
(1945  and  1946),  where  fluorine  is  a  natural  portion  of  the  communal  water 
and  where  only  life  time  resident  children  were  examined,  to  Evanston  after 

23  to  34  months  of  artificially  fluoridated  water,  we  find  a  considerably  lower 
caries  rate  for  the  Aurora  children  (Table  VIII). 

As  radiographs  were  employed  in  the  current  Evanston  study  it  is  ap¬ 
parent  that  early  proximal  caries  would  be  disclosed  to  a  greater  extent  than 
in  the  previous  surveys.  We  find  our  base  line  figures  for  caries  experience  in 

Evanston  and  Oak  Park  approximately  32  per  cent  higher  than  those  of  Dean 
and  his  co-workers  for  Evanston  and  Oak  Park  in  1941.  We  assume  this 

may  be  explained  partially  by  differences  in  the  techniques  of  examination, 

jiarticularly  in  the  use  of  x-ray  in  the  current  investigation. 

DISCUSSION 

The  reduction  in  dental  caries  experience  rates  in  Evanston  is  quite 

similar  for  all  age  groups.  The  percentage  reduction  in  D.M.F.  permanent 

teeth  is  highest  among  the  13-year-old  children.  Since  the  second  permanent 

Table  VI 

Caries  Rates  of  13- Year-Old  Evanston  and  Oak  Park  Children 

OAK  PARK  1947  I 
Nap  0.0 

EVANSTON  1946, 
Nap  0.0 

.EVANSTON  1949 

1  Nap  1.0 
Examinations 404 483 

482 

D.M.F.  permanent  teeth 970.00 946.17 785.89 

Permanent  molars  occlusal  surface  caries  ex- 
403.22 426.50 356.84 

perience 
Free  from  occlusal  surface  caries  experience 234.16 206.41 208.09 

D.F.  anterior  teeth  (cuspid  to  cuspid) 
Maxillary 132.18 139.54 123.03 

Mandibular 37.38 37.68 31.12 

Tooth  surfaces  with  precarious  lesions  (deep 
101.24 

152.80 84.85 

pits  and  fissures) 
Immunity  to  dental  caries 

2.48 

1.24 
2.28 

Fluoridation  perio<l  in  Evanston  23  to  34  months. 

Public  white  school  children  only. 

Hates  are  per  100  children. 
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Table  VII 

Caries  Rates  of  14- Year-Old  Evanston  and  Oak  Park  Children 

OAK  PARK 

1947 
NaF  0.0 

EVANSTON 

1946 
NaF  0.0 

EVANSTON 

1949 
NaF  1.0 

Examinations 
,336 450 416 

D.M.F.  Permanent  Teeth 1194.64 1133.33 1073.31 

Permanent  molars  occlusal  surface  caries  ex- 
44.3.83 467.11 

411,53 

perience Free  from  occlusal  surface  caries  experience 210.12 196.44 
244.71 

D.F,  anterior  teeth  (cuspid  to  cuspid) 
Maxillary 187..31 162.67 153.85 
Mandibular 39.88 41..56 

32.69 

Tooth  surfaces  with  precarious  lesions  (deep 
94.05 153.33 92.55 

pits  and  fissures) 
Immunity  to  dental  caries 1.19 0.89 1.92 

Fluoridation  period  in  Evanston  23  to  34  months. 

Public  white  schooi  chiidren  only. 

Rates  are  per  100  children. 

molar  erupts  at  12  years  we  may  assume  that  at  13  years  of  age  the  length 

of  exposure  to  caries  attack  is  approximately  1  year,  which  probably  is  not 
sufficient  time  to  find  caries  established  in  the  second  molars,  particularly  in 

the  presence  of  fluoride-containing  water. 

The  occlusal  surface  caries  experience  of  the  iiermanent  molars  of  the  12-, 

1
3
-
 
,
 
 

and  14-year-old  children  indicated  a  reduced  caries  rate  accompanied  by  a 

slight  increase  in  the  occlusal  surfaces  free  from  caries  experience.  
Again 

the  greatest  change  was  associated  with  the  13-year-old  group. 
The  reduction  of  precarious  lesions,  quite  apparent  in  the  12-,  13-,  and 

14- year-olds,  

may  be  attributed  partially  to  the  time  of  the  eruption  period 

of  some  of  the  ])ermanent  
teeth.  At  the  time  fluorine  was  placed  in  the  water, 

2  years  previous  to  this  examination  
the  12-,  13-,  and  14-year-olds  

w^ere  then 
10,  11,  and  12  years  of  age  respectively.  

As  the  cusiiids,  the  first  and  second 
bicusjiids,  

and  the  second  molars,  usually  eruiit  during  the  tenth,  eleventh,  and 
twelfth  year,  the  enamel  of  some  of  these  teeth  has  been  exposed  to  fluorine  in 

the  tissue  fluids  postformative  
but  iire-eruptive  

and  erupted  into  the  mouth  fol- 

Table  VIII 

Comparison  of  D.M.F.  Caries  Kates  of  the  Permanent  Teeth  of  Life  Time  Resident 

White  School-children  of  Avrora 

EXAMS.  1 

12  1 

YEARS  OF  AGE 

13 

1  14 

Aurora  (1945-46) 
entire  life 

F 
1.2  ppm 

1235 295 309 
364 

Dean* 

Evanston  (1941) F 0.0  ppm 
673 

563 676 

793 Oak  Park  (1941) F 
0.0  ppm 

329 
583 

696 907 
Evanston  (1946) F 

0.0  ppm 
1226 707.51 946.17 1133.33 

EDCSt Oak  Park  (1947) F 
0.0  ppm 

1020 
747.51 970.00 

1194.64 
Evanston  (1949) F 1.0  ppmt 1251 625.49 785.89 1073.31 

Fluorine  1.2  ppm  naturally. 

Oak  Park,  1941,  Survey  anil  Evanston,  1941,  Survey  compared  to  Evanston,  1946,  Oak 
Park,  1947,  and  Evanston,  1949. 

•From  Dean’s  Published  Reports. 
tFluorine  23  to  34  months, 
t Evanston  Dental  Caries  Study. 
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lowing  the  introduction  of  sodium  fluoride  to  the  communal  water  supply.  We 

are  permitted  to  assume  that  the  reduced  number  of  precarious  lesions  may  be 
accounted  for  by  the  action  of  the  fluoridated  water  on  the  enamel  surfaces 

of  these  teeth,  or  that  the  exposure  time  to  destructive  mouth  acids,  if  pres¬ 
ent  and  uninhibited,  is  too  short  to  produce  caries  at  this  time. 

SUMMARY 

The  exposure  time  of  the  J2-,  13-,  and  14-year-old  children  to  sodium 
fluoride  has  been  for  23  to  34  months.  The  rates  show  a  reduction  of  12.19  per 

cent  for  the.se  children  in  the  decayed,  missing  and  filled  permanent  teeth. 

The  precarious  lesions  of  the  permanent  teeth  were  reduced  by  55.7  per 

cent  for  the  12-year-olds,  38.80  per  cent  for  the  13-year-olds  and  33.3  per  cent 
for  the  14-year-olds.  The  13-year-old  children  demonstrated  the  greatest  in- 
crea.se  in  immune  cases,  that  of  146.0  per  cent.  An  increase  of  that  amount 

appeal's  rather  staggering  but  when  considering  the  actual  number  of  immune 
cases  per  100  children,  1.02  in  1946,  the  increase  to  2.51  in  1949  is  only  1.49 

cases  per  100  children. 
The  lowered  caries  rate  for  Evanston  in  1949  is  apparently  attributed  to 

the  fluoridated  water.  There  is  a  reduction  in  the  dental  caries  experience 

of  the  permanent  teeth  of  all  three  age  groups.  This  reduction  may  be  due 

partially  to  the  very  widespread  use  of  the  urea  dentifrices.  Topical  applica¬ 
tion  of  sodium  fluoride  is  now  given  to  many  ])atients.  We  have  made  a 

determined  effort  to  have  accurate  records  of  its  use  in  Evanston.  There  may 

be  a  slight  inclination  toward  better  oral  hygiene  by  the  students  as  they  be¬ 
come  acquainted  with  the  study  by  our  frequent  visits  in  the  schools.  How- 
ever,  until  a  definite  percentage  reduction  of  the  caries  rate  of  the  study  area 

is  established  that  is  materially  less  than  the  prevailing  caries  rate  of  the  con¬ 
trol  area,  where  we  know  that  topical  ai)plication  of  sodium  fluoride  is  given 

and  urea  dentifrices  probably  are  used  to  about  the  same  extent  as  in  Evans¬ 

ton,  we  feel  that  this  reduction  shown  Imre  may  not  be  as.sumed  to  be  due  en¬ 

tirely  to  the  action  of  sodium  fluoride. 
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VIII.  Fluorine  Content  of  Vegetables  Cooked  in  Fluorine  Containing 

Waters 

DONALD  .T.  MARTIN 

Evanston  Health  Department 

Evanston,  III. 

AS  A  part  of  the  Evanston  Dental  Caries  Study,  an  investigation  has  been made  for  the  purpose  of  providing  information  regarding  the  probable 
amount  of  fluorine  ingested  in  the  complete  diet.  The  first  phase  of  this 

project  has  been  primarily  concerned  with  the  vegetables  included  in  the  daily 

diet.  The  results  jiresented  here  are  considered  w'orthy  of  publication  because 
they  represent  recent  analyses  by  an  accepted  method. 

A  search  of  the  literature  has  shown  that  the  published  results  for  foods 

cooked  in  water  containing  fluorides  are  incomplete.  Smith,  Smith,  and 

Vavich'  have  indicated  that  the  fluorine  content  of  foods  may  be  increased 
when  cooked  in  fluoride  waters. 

METHODS 

(Jeneral:  In  August,  1947,  a  (luestionnaire  was  sent  to  15  grocery  stores 
(independent  and  chain)  re])resenting  all  sections  of  the  City  of  Evanston  to 
determine  which  type  of  vegetable  (fresh,  canned,  or  frozen)  sells  in  greatest 

quantity,  and  which  varieties  of  vegetables  in  each  category  are  in  greatest 
demand.  The  answers  to  these  questions  were  given  on  a  yearly  basis,  and 

from  this  survey  the  vegetables  were  selected  for  analysis  in  the  laboratory. 
The  vegetables  used  were  either  purchased  on  the  open  market  or  grown  in 

gardens  in  Evanston.  To  simulate  methods  of  cooking  in  the  home,  duplicate 

batches  of  the  vegetables  were  cooked  in  a  saucepan  and  pressure  cooker.  The 
amount  of  water  u.sed  in  the  cooking  process  was  kept  constant  for  all  of  the 

vegetables.  When  using  the  saucepan  method,  200  ml.  of  water  were  used; 

for  the  pressure  cooker  method,  100  ml.  of  water  were  used.  A  cook  book 
was  referred  to  for  the  cooking  time  of  each  vegetable. 

To  determine  the  extent  of  absorption  of  fluorine  by  foods,  each  vegetable 

was  divided  into  three  lots.  The  first  lot  w'as  analyzed  for  its  fluorine  content 
in  the  fresh  raw  state;  the  second  lot  was  divided  into  four  equal  portions 

which  were  then  boiled  in  distilled  water  containing  0.0,  1.0,  2.0,  and  5.0  parts 

per  million  of  fluorine;  the  third  lot,  also  divided  into  four  equal  |)ortions,  was 
pressure  cooked  using  distilled  water  containing  0.0,  1.0,  2.0,  and  5.0  parts  per 

million  of  fluorine.  After  cooking,  the  liquid  was  drained  oflF  and  the  vege¬ 
tables  were  washed  with  distilled  water.  The  cooked  foods  were  than  an¬ 
alyzed  for  their  fluorine  content,  and  in  many  cases  the  cooking  liquid  was  also 

analyzed  for  its  fluorine  content. 

This. investigation  was  supporte<l  (in  part)  by  a  research  grant  from  the  National  In.stitute 
for  Dental  Health,  United  States  Public  Health  Service. 

Read  at  the  Twenty-Ninth  Annual  Meeting  of  the  International  A.ssociation  for  Dental 
Research,  French  Lick,  Indiana,  March  17-19,  1951.  (J.  D.  Res.  .SO:  466,  1951.) 

Received  for  publication  March  1.3,  Ift.’il. 
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The  method  of  analysis  used  was  that  of  Willard  and  Winter*  using  the 

modifications  of  the  Association  of  Official  Agricultural  Chemists,®  with  mag¬ 
nesium  acetate  being  employed  as  the  fluorine  fixative.  The  distillation  ap¬ 

paratus  is  of  Pyrex  glass.*  All  precautions  were  taken  to  maintain  a  minimum 
distillation  blank,  including  the  u.se  of  platinum  dishes  when  ashing  the 
samples. 

RE.SULTS  AND  OBSERVATIONS 

A  summary  of  the  questionnaire  sent  to  the  15  grocery  stores  in  Evanston 
is  shown  in  Table  T.  These  data  have  been  prearranged  to  show  the  types  of 

foods  sold  in  greatest  quantity  and  the  kinds  of  vegetables  in  greatest  demand. 
It  was  from  this  table  that  the  vegetables  were  selected  for  u.se  in  this  Study. 

Table  I 

EvAN.ST()N  FoOI)  Sl'RVEY 

1.  Types  of  food  selling  in  greatest  tjuantity 
a.  Fresh 
b.  Canned 
c.  Frozen 

2.  Kinds  of  vegetables  in  greatest  demand 
a.  Fresh 

1.  Carrots 
2.  Beans 
3.  Cauliflower 
4.  Peas 
5.  Tomatoes 

6.  Spinach 
7.  Cabbage 
8.  Corn 

b.  Canned 
1.  Peas 
2.  Corn 
3.  Tomatoes 
4.  Beans 

5.  Spinach 
c.  Frozen 

1.  Peas 
2.  Beans 

3.  Spinach 
4.  Corn 
.i.  Asparagus 
6.  Broccoli 

Fresh  Vegetables. — Table  II  is  a  composite  of  all  the  results  obtained  by 
cooking  fresh  vegetables  in  a  saucepan  or  pres.sure  cooker.  This  table  shows 
that  the  foods  cooked  in  a  pres.sure  cooker  absorb  a  smaller  amount  of  fluorine 
than  tho.se  cooked  in  a  saucejian.  The  increase  in  the  fluorine  content  of  the 

leafy  vegetables  after  cooking  in  a  saucepan  is  somewhat  greater  than  the 

increase  found  for  the  less  i)enetrable  beets  and  carrots,  but  when  the  pressure 

cooker  was  used,  there  was  not  an  appreciable  difference.  An  important  ob¬ 
servation  is  that  the  amount  of  fluorine  absorbed  by  the  vegetables  is  propor¬ 
tionately  less  in  water  containing  higher  concentrations  of  fluorine,  as  com¬ 
pared  to  water  containing  lower  concentrations  of  the  chemical. 

*A11  Rlass  connections  as  recommended  by  the  Associate  Referee  of  the  Food  and  Drug 
.\ilministration,  Washington,  D.  C. 
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Table  II 

The  Comparative  Fluorine  Content  of  Fresh  Vegetables  Cooked  in  Water  With  and 

Without  Fluorine 

fluorine  content  (PARTS  PER  MILLION) 

VEGETABLE 

RAW  ̂ 

BOILED  IN 

P.P.M.  F  : 

SAUCEPAN 

[N  WATER 

PRESSURE  C(X)KED 

P.P.M.  F  IN  WATER 

1  0-0  1 

1.0  1 

2.0 

1  5.0 

0.0  1 
1.0  1 

2.0  1 

t  5.0 

Carrots 0.14 0.17 0.81 
1.75 

3.61 0.18 0.51 
0.69 

1.02 
Beans 0.20 0.21 

0.96 
1.72 

4.32 0.19 0.52 
0.67 1.23 

Cauliflower 0.27 0.27 
1.24 2.10 5.03 

0.27 
0.69 

1.09 

2.24 

Peas 0.22 0.28 1.22 2.02 3.88 

0.25 
6.84 

1.08 
1.52 

Spinach 
0.84 1.00 2.02 2.85 4.99 

0.76 1.13 1.63 
2.81 

Cabbage 0.23 0.29 1.13 1.88 4.92 0.23 
0.55 

0.79 1.03 
Beets 0.21 0.26 0.60 1.16 1.88 

0.28 

0.44 0.57 
0.78 

Tomatoes 0.17 0.23 0.61 - - 0.13 0.26 - - 

Corn  (cob) 0.24 
0.29 

0.55 - - 0.17 0.42 
- - 

All  results  are  averages  based  upon  the  fresh  weight. 

p.p.ia.P  In 
vegetabl e 

Fig.  1. — Absorption  of  fluorine  by  vegetables  cooked  in  a  saucepan. 

Key :  Carrots  - 
Beans  —  —  —  —  — 
Peas  -  .  -  .  - 
Spinach  -  .  .  -  .  .  - 

»  Beets  -  .  .  .  -  .  .  . 
Cabage  -  _  -  _  - 
Cauliflower  -  x  -  x 
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Fig.  1,  which  is  for  the  vegetables  cooked  in  a  saucepan,  and  Fig.  2,  which 

is  for  the  pressure  cooked  vegetables,  substantiate  the  previous  statements. 

Figs.  1  and  2  are  constructed  from  the  results  shown  in  Table  II,  to  graph¬ 
ically  illustrate  the  absorption  of  fluoride  by  vegetables  cooked  in  fluoride 
containing  waters. 

Frozen  Vegetables. — Due  to  the  increasing  poinilarity  of  frozen  vegetables 
in  the  daily  diet,  several  were  included  in  this  study.  The  frozen  vegetables 
were  cooked  and  analyzed  in  the  same  manner  as  the  fresh  foods.  In  this  class 

the  vegetables  selected  were  limited  to  the  three  top  sellers — beans,  peas,  and 
spinach.  The  results  of  the  analyses  of  the  frozen  foods  as  well  as  a  compari¬ 
son  of  them  with  the  fresh  vegetables  are  shown  in  Table  III.  A  study  of  this 

Fig. 

p*p*in.P  in 
vegetable 

C  1  2  3  4  5 

Spinach 

Cauliflower 

Feaa 
Beana 
Cabbage 

Carrot a 
Beets 

p»p»ai*P  in  water 

2. — Absorption  of  fluorine  by  vegetables  cooked  in  a  pressure  cooker  . 

table  reveals  the  fact  that  the  frozen  vegetables  appear  to  absorb  more  fluorine 

than  fresh  vegetables  from  water  containing  5.0  parts  per  million  of  fluorine. 

This  applies  to  both  methods  of  cooking.  In  concluding  these  statements  per¬ 
taining  to  the  fresh  and  frozen  vegetables,  it  may  be  said  that  when  the  cook¬ 
ing  liquids  were  analyzed,  the  amount  of  fluorine  remaining  in  the  liquid  plus 
the  fluorine  absorbed  by  the  vegetables  totaled  95  to  100  per  cent  of  the 

amount  of  fluorine  added  at  the  start  of  the  cooking  process. 

Canned  Vegetables. — Canned  vegetables  were  not  included  in  this  report 

because  of  the  uncertainty  of  the  water  supplies  at  the  canneries.  At  the  pres- 
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Table  III 

Comparative  Fli'orine  Content  oe  I’resh  and  Frozen  Veoetables — Raw  and  Cooked 

FLrORlNE  CONTENT  IN  P.P.M. 

BOILED  IN 

SAl’CEPAN  1 
PRESSCRE  COOKED 

VEGETABLE  | RAW 

0.0  1 

1.0 

1  2.0 

1  5.0 

1  0.0 

1  1.0  1 

2.0  1 

5.0 

Beans Fresh 
Frozen 

0.20 
0.20 

0.21 
0.22 

0.90 

1.21 
1.72 

2.16 
4.32 

4.98 

0.19 

0.21 
0.52 
0.77 

0.67 

1.49 

1.23 

2.63 

Peas 

I'resh 

Frozen 

0.22 

0..10 
0.28 
0.28 

1  22 
r.TH 

2.02 

2.04 3.88 4.56 

0.25 

0.23 
0.84 

0.58 

1.08 
1.10 

1.52 

1.88 

Spinach 
Fresh 
Frozen 

0.84 

0.28 
1.00 0.25 

2.02 
1.01 

2.85 

1.74 
4.99 4.52 

0  76 

0.23 
1.13 
0.69 

1.63 
1.19 

2.81 1.90 

All  results  are  averages  based  upon  the  fresh  weight. 

ent  time  we  are  primarily  eoneei'iied  with  the  ahsori)tion  of  fluorine  by  vege¬ 
tables  in  the  cooking  process  where  the  fluorine  content  of  the  water  is  defi¬ 

nitely  known. 
Table  IV 

OiMPARisoN  OK  Raw  Fresh  Veoetables 

Evanston  and  Literatcre 

1  FI.rORINE  rONTE.NT  IN  P.P.M. 
VEGETABLE  | EVANSTON 

1  LITER.\TrRE 
Carrots 0.14 

0.20 
Beans 0.20 0.13 
Cauliflower 

0.27 0.12 

Peas 0.22 
0.60 Tomatoes 0.17 0.24 

Spinach 
0.84 

1.00 

Cabbage 
0.23 0.30 

Corn 0.24 

0.20 Beets 
0.21 

0.20 

•Ml  results  are  based  upon  the  fresh  weight. 

COMPARISONS  WITH  LITKRATCRK 

In  reviewing  the  literature,  a  number  of  ])ul;lications  were  found  showing 

the  fluorine  content  of  fresh  raw  vegetables.^  **  A  comiiarison  of  these  data 
with  the  re.sults  of  this  study  is  shown  in  Table  IV.  It  will  be  noted  that  for 

most  of  the  vegetables  there  is  a  similarity  of  results. 

Table  V  is  a  com|)arison  of  results  found  in  this  study  with  those  pre¬ 

viously  reported  in  literature  for  vegetables  boiled  in  fluoride  containing 

Table  V 

Comparison  ok  Boiled  Fresh  Veoetables 

Evanston  and  Literatcre 

P.P.M.  KH’ORINE  IN  BOILED  VEOETABi.ES 

VEGETABLE 

>S  KaCND  IN  EVANSTON  I AS  KOCND  IN  LITERATCRE 

BOILED  IN 

K  KREE  HjO 

BOILED  WITH  5.0 

P.P.M.  K  IN  H,0 

BOILED  IN 

K  KREE  H,0 

BOILED  WITH  5.0 

P.P.M.  K  IN  HjO 

Carrots 
0.17 3.61 0.0 3.5 

Beans 0.21 4.32 
- - 

Peas 
0.28 3.88 

- - 

Spinach 1.00 4.99 

2.0 4.0 

('abbage 
0.29 

4.92 
0.0 

3.6 
Beets 0.26 1.88 

0.0 

1.0 
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water.  In  this  case,  however,  there  was  only  one  publication^  available  for 
reference,  which  shows  the  need  for  more  work  in  this  field.  The  figures 

.shown  in  Table  V  do  not  have  the  same  analogy  as  those  in  Table  IV. 

SU.MMARY  AND  CONCLUSIONS 

1.  Vegetables  cooked  in  fluoride-bearing  waters  do  absorb  fluorine  in  pro- 
|)ortion  to  the  fluorine  content  of  the  water. 

2.  Vegetables  cooked  in  a  .saucepan  absorb  more  fluorine  than  vegetables 
cooked  in  a  pressure  cooker. 

2.  Frozen  vegetables  absorb  more  fluorine  than  fresh  vegetables  when 

cooked  in  water  containing  5.0  parts  per  million  of  fluorine,  but  little  difference 
is  noticed  when  the  fluoride  concentration  of  the  water  is  1.0  and  2.0  parts  per 
million. 

4.  Vegetables  cooked  in  fluoride-bearing  watei’s  have  a  direct  effect  upon 
the  daily  dietary  fluorine  supplement. 

The  author  wishes  to  express  his  appreeiation  to  Dr.  .7.  R.  Blayney  and  Dr.  W.  H.  Tucker 
for  their  helpful  suggestions  and  criticisms. 
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A  SELECTIVE  MEDIUM  FOR  THE  ISOLATION  AND  ENUMERATION 

OF  ORAL  LACTOBACILLI 

MORRISON  ROGOSA,*  JOYCE  A.  MITCHELL,  AND  RALPH  F.  WISEMAN* 

Xational  Institute  of  Dental  Research,  National  Institutes  of  Health,  Bethesda,  Md. 

IT  WOULD  be  hifrhly  desirable  for  those  studying  the  role  of  laetobacilli  in dental  caries  to  have  a  medium  that  is  selective  for  oral  laetobacilli  and  which 

favors  their  good  growth.  The  Hadley'^  tomato  juice  agar  modified  by  Jay  and 
Arnold,*  henceforth  mentioned  as  TJ  agar,  has  been  employed  widely  and  is 
established  as  a  valuable  tool  in  the  hands  of  experienced  workers.  However,  it 

has  been  generally  recognized  that  this  medium  has  certain  limitations.  While 
laetobacilli  may  be  differentiated  from  other  microorganisms  on  this  medium, 

it  is  not  entirely  selective  for  laetobacilli  since  yeasts,  micrococci,  streptococci, 

molds,  gram-negative  rods,  sporeforming  bacilli,  etc.,  may  occur  with  varying 
frequency.  Thus,  it  may  be  difficult  and  time  consuming  to  differentiate  the 
laetobacilli  from  some  of  the  other  organisms.  In  the  case  of  animal  samples, 
plates  obscured  by  spreading  LMowth  sometimes  occur  with  sufficient  frequency 

to  interfere  .seriously  with  an  experimental  jirogram. 

This  paper  will  describe  a  selective  medium  for  the  isolation  and  enumera¬ 
tion  of  oral  laetobacilli  from  man  and  experimental  animals. 

PLAN  OF  EXPKRIME.NTS 

Tomato  juice  agars  ha\e  been  employed  extensively  as  highly  favorable 
media  for  laetobacilli.  Therefore,  many  preliminary  exj)eriments,  including 

a  number  with  sodium  azide,  were  conducted  to  modify  TJ  agar;  Diamond* 

had  used  sodium  azide  in  Hadley*  TJ  agar  to  suppress  much  of  the  extraneous 

flora.  It  was  found  in  the  present  authors’  exi)eriments  that  this  procedure  was 
unsatisfactory  since  many  laetobacilli  were  inhibited  (Lichstein  and  Soule*  and 

Rogosa  and  Mitchell®). 
The  authors  were  unsuccessful  in  develoi)ing  an  ade(iuate  synthetic  medium 

since  some  laetobacilli  could  not  be  grown  satisfactorily  on  such  substrates.  How¬ 
ever,  it  soon  became  evident,  in  the  analysis  of  approximately  2,000  human  and 
animal  oral  sami>les,  that  the  control  of  the  concentrations  of  phosi)hate,  citrate, 

acetate,  salts,  sorbitan  monooleate,  and  hydrogen  ions  in  an  otheiwise  nutrition¬ 

ally  adequate  environment  offered  a  promisiiig  apprt)ach  to  the  development  of 
a  satisfactory  selective  medium  for  oral  laetobacilli.  The  composition  of  the 
resulting  medium,  henceforth  noted  as  SL  agar,  was  as  follows: 

Trypticase  (BBL)  10  Gm. 
Yeast  Extraet  (Difeo)  5  Gm. 
KIL  PO,  6  Gm. 
Ammonium  Citrate  [(NIDjHCjHjO,]  2  Gm. 
Balt  Bolutiont  5  ml. 

KetaeSved  for  publication,  April  6,  1951. 

•Present  atldress,  N.l.D.H.  Laboratory,  Eastman  Dental  Dispensary,  Rochester,  N.  Y. 
tSalt  Solution;  MKS(b.7HiD,  11.5  b;  Mn.S()4.2H2(),  2.4  b  or  MnS0,.4H,0,  2.86  BI 

FeStJ«.7HiD,  0.68  b:  distilled  HiO  to  100  nd. 
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Glucose  20  Gm. 

Sorbitan  Monooleate*  1  Gm. 
Sodium  Acetate  (NaCjH.O..  3HjO)  25  Gm. 
Glacial  Acetic  Acid  (99.5%)  1.32  ml. 
Agar  15  Gm. 
Distilled  HjO  to  1  liter;  pH  5.40 

Preparation  of  SL  Agar. — The  sorbitan  monooleate  was  dissolved  in  dis¬ 
tilled  water  to  make  a  stock  solution  containing  100  mg.  per  ml.;  10  ml.  was  then 

used  per  liter  of  medium.  The  salt  solution  may  settle  out  on  standing  and  may 

he  resuspended  by  shaking.  If  the  phosphate,  citrate,  acetate,  salt  solution,  sorbi¬ 

tan  monooleate,  and  acetic  acid  are  dispensed  accurately  the  pH  will  lie  5.40 

without  further  adjustment. 

In  the  preparation  of  1  liter  of  medium,  the  agar  was  dissolved  separately 

from  the  other  ingredients  in  400  ml.  of  distilled  water.  The  remaining  ingre¬ 

dients  were  also  dissolved  separately  in  400  ml.  of  distilled  water.  This  latter 

solution  was  brought  to  a  boil  and  added  to  the  hot  solution  of  agar.  The  volume 

was  adjusted  to  1  liter  with  distilled  water,  the  medium  was  dispensed,  and 

immediately  sterilized  no  longer  than  10  minutes  at  15  pounds  in  the  autoclave. 

All  the  human  salivary  specimens  were  plated  on  the  medium  prepared  and 
.sterilized  as  described  above. 

Prolonged  or  repeated  heating  of  the  medium  tends  to  darken  it  and  if  this 

has  occurred  some  types  of  lactobacilli,  i)resent  in  a  small  percentage  of  samples, 

may  not  develop  to  full  size  but  rather'  present  the  appearance  of  pin-point 
colonies.  Since  sporeforming  or  other  heat-resistant  organisms  had  not  grown 

in  SL  agar  in  repeated  tests,  it  seemed  as  if  autoclave  sterilization  was  un¬ 

necessary.  Therefore,  at  the  time  of  preparation,  the  hot  (at  least  80°  C.) 
medium  was  dispensed  repeatedly  into  clean,  nonsterile  tiasks  which  were  then 

plugged  with  cotton.  The  SL  agar  did  not  become  contaminated  during  the 

e.xperimental  holding  period  of  2  weeks  at  room  temperature  or  for  at  lea.st 

6  months  in  the  refrigerator. 

All  the  animal  samples  were  plated  on  the  SL  agar  which  had  not  been 

autoclaved.  The  medium  thus  prepared  api)eared  clear  and  practically  color¬ 

less  in  the  plates.  The  authois  are  now  routinely  following  this  procedui*e. 

KXPKRIMKNTS  WITH  ITKK  rrLTrRK.S  OF  ORAL  I.AOTOBAOILM 

L'nless  it  could  be  determined  that  a  comprehensive  spectrum  of  representa¬ 
tive  j)ure  cultures  of  oral  lactobacilli  could  be  grown  favorably  ou  SL  agar,  the 

usefulness  of  the  medium  could  be  (juestioned.  Tberefore,  the  strains  noted  in 

Table  I,  which  were  originally  isolated  from  T.l  agar,  were  grown  in  a  bix)th  of 

the  siime  com|)osition  as  the  T.l  agar  but  with  the  agar  omitted.  These  strains 

were  pour  plated  in  duplicate  in  T.l  and  SL  agars  Imth  of  which  were  at  pH 

5.4.  In  some  cases  T.l  agar  at  pH  5.0  was  also  used  since  the  oral  stimples  dis¬ 

cussed  later  were  all  plated  on  the  latter  medium.  It  is  evident  from  the  repre¬ 

sentative  data  in  Table  I  that  the  numbei*s  of  lactobacilli  were  generally  com¬ 
parable  on  the  two  media.  However,  the  size  and  rate  of  development  of  the 

colonies  were  often  greater  in  SL  agar. 

•Sorbitan  inonooleate  “Tweon  80.”  obtained  from  tbe  Atlas  Powder  Company,  WilminK- 
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Sampling  from  Human  SaHva. — Approximately  5  ml.  of  paraffin-stimulated 
saliva  were  collected  in  a  screw-cap  sterile  bottle  and  shaken  by  machine  for  two 
minutes.  The  saliva  was  diluted  1:100  by  transferring  1  ml.  to  99  ml.  distilled 

water  in  a  6  ounce  screw-cap  prescription  bottle,  and  shaken.  One  plate  was 
inoculated  wdth  1  ml.  and  another  plate  with  0.1  ml.  from  the  1 :100  dilution. 

The  use  of  milk  dilution  pipettes  graduated  at  1.0  and  1.1  ml.  facilitated  this 

operation.  About  20  ml.  of  medium  were  poured  into  the  plates  and  mixed  with 
the  inoculum.  After  the  medium  had  solidified,  the  inverted  plates  were  incu¬ 

bated  for  3  days  at  37*^  C. 

Table  I.  Comparative  GROwni  of  Pure  Cultures  of  LAfTOB.vciLLi  in  TJ  and  SL  Agars 

TJ  AG.\R  (pH  5.0) 
TJ  AGAR  (pH  5.4) SL  AGAR 

ORGANISM NO.  X  IOVML. NO.  X  IOVml. NO.  X  lO^/ML. 

L.  casei  No.  541 

95 

92 93 

L.  casei  No.  1(57 148 
176 158 

L.  casei  No.  19 236 286 282 
L.  casei  No.  303 - 109 132 
L.  casei  No.  337 - 

169 
176 

L.  casei  No.  879A 94 

87 

89 

L.  casei  No.  HllO - 106 94 
L.  casei  No.  Hill - 86 

104 

L.  casei  Nc.  H221 - 

25 

18 
L.  casei  No.  Ld  1 — 111 117 
L.  fermenti  No.  11 

54 

48 49 
L.  fermenti  No.  H219 - 113 136 
L.  fermenti  No.  H505 _ 

33 

48 
L.  fermenti  No.  (59 _ 

192 
119 

L.  fermenti  No.  70 275 
245 

L.  fermenti  No.  20 _ 49 
142 

L.  acidophilus  No.  Ldl8 — 

<1 

16 

L.  acidophilus  No.  Ld23 — 18 

20 

L.  brevis  (II)  No.  619 177 264 183 
L.  brevis  (II)  No.  737 379 

328 

358 
L.  plantarum  No.  858 
L.  heterofermentative  sp.  No.  4B 

82 
132 101 153 

69 

•  145 

L.  heterofermentative  sp.  No.  223 440 
480 

L.  heterofermentative  sp.  No.  H  505 _ 33 

48 
L.  heterofermentative  sp.  No.  Ld  13 - 423 

442 

In  the  ca.se  of  most  human  .salivary  samples,  all  the  colonies  on  at  least 
one  of  the  plates  could  be  counted  with  the  aid  of  a  colony  counter.  Exceptions 

to  this  were  those  few  instances  in  which  the  plates  of  the  1 :100  dilution  were 

crowded.  Since  the  distribution  of  the  colonies  in  the  poured  plates  of  SL  agar 
was  usually  uniform,  the  numbers  of  lactobacilli  in  these  crowded  plates  were 

estimated  rather  well  by  counting  the  colonies  present  in  representative  areas 

either  with  the  aid  of  a  colony  counter  or  a  wide  field  microscope  at  a  magnifica¬ 
tion  of  19.5.  The  final  count  was  expressed  as  numbers  of  lactobacilli  per  ml. 
of  saliva. 

The  corresponding  samples,  which  were  plated  on  SL  agar  as  described 

above,  were  also  plated  on  one  lot  of  Hadley  (1933)  TJ  agar  as  prepared  by  the 

National  Institutes  of  Health  modification  of  Jay  'and  Arnold  (1946).  The 
plates  were  inoculated  by  the  Hadley®  streak  technique  and  incubated  4  days 

at  37°  C.  The  counts  were  made  by  estimating  the  numbers  of  organisms  pres¬ 
ent  in  at  least  six  selected  areas  which,  in  the  judgment  of  the  operator,  were 

representative.  A  wide  field  microscope  was  employed  for  this  purpose. 
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Many  of  the  TJ  agar  plates  were  counted  independently  by  two  of  the 

authors  and  in  addition  were  sometimes  recounted  by  the  same  operator  without 

knowledge  of  the  count  previously  obtained.  The  deviations  of  the  counts  ob¬ 
tained  in  these  tests  were  such  that  it  did  not  seem  sound  to  compare  SL  agar 

quantitatively  with  TJ  agar  within  ±  50  per  cent,  “especially  in  view  of  the 
statistical  significance  of  errors  in  counts  where  100,000  lactobacilli  per  c.c.  of 

saliva  or  more  are  recorded”  (Snyder^).  Furthermore,  different  dilutions  were 
employed  with  the  corresponding  human  samples  on  the  two  media.  For  these 

reasons,  the  counts  on  the  two  media  are  compared  later  within  the  range  of 

100  per  cent  differences. 

Sampling  from  Hamsters. — Two  different  procedures  were  used  for  sampling 
hamsters.  (1)  In  order  to  obtain  a  sample  from  the  buccal  pouch,  a  sterile  swab 

was  inserted  to  the  depth  of  the  pouch  and  rotated  5  times.  The  stick  of  the 

swab  was  cut  above  the  cotton  and  dropped  into  a  tube  containing  5  ml.  of  a 

0.03  per  cent  yeast  extract  broth.  The  tubes  were  permitted  to  remain  at 

room  temperature  for  about  an  hour  and  then  shaken  before  samples  were  with¬ 
drawn  for  analysis.  (2)  The  mouth  samples  were  obtained  by  rotating  a  swab 

over  the  accessible  surfaces  of  the  teeth  and  soft  tissues.  It  was  necessary  to 

prepare  the  plates  at  dilutions  of  1 :1,000  and  1 :10,000  to  obtain  satisfactory 

results  from  many  of  the  hamster  samples.  The  corresponding  samples  were  all 

plated  in  the  same  dilution  on  both  SL  and  TJ  agars,  using  the  techniques  as 

described  under  human  sampling.  The  counts  were  expressed  as  numbers  of 

lactobacilli  per  swab. 

Examination  of  the  Plates. — In  order  to  determine  whether  only  lactobacilli 

were  growing  in  SL  agar,  five  or  more  representative  colonies  were  smeared 

from  each  SL  agar  plate  and  examined  microscopically.  Ten  or  more  smears 

were  made  from  at  least  half  of  the  plates  and  in  some  cases  every  colony  on 

the  SL  agar  plates  was  smeared.  Frequent  isolations  w’^ere  made  from  the  SL 

agar  plates  and  the  isolates  w'cre  studied  to  determine  if  they  were  lactobacilli 

as  described  in  Bergey’s  Manual. ‘  In  addition,  smears  of  representative  colonies 
were  made  from  the  TJ  agar  plates  and  all  catalase-negative,  gram-positive, 
nonsporulating,  rods  were  counted  as  lactobacilli. 

RESULTS  FROM  HUMAN  SAMPLF>; 

The  comparative  results  from  122  human  salivary  samples,  in  which  each 

sample  was  plated  in  SL  agar  and  on  TJ  agar,  are  noted  in  Table  II.  These 

samples  comprised  23  children’s  and  99  adult  salivary  specimens.  It  is  evident 
that  the  numbers  of  lactobacilli  in  SL  agar  compared  favorably,  within  the 

limits  of  experimental  variation,  with  the  numbers  of  lactobacilli  on  correspond¬ 

ing  plates  of  TJ  agar. 

Forty-one  (33.6  per  cent)  of  the  122  samples  yielded  counts  on  SL  agar 

greater  by  100  per  cent  than  those  on  TJ  agar;  sixty-seven  (54.9  per  cent)  were 
comparable  on  the  two  media;  twelve  (9.8  per  cent^  of  the  cases  could  not  be 

compared  because  of  the  unsatisfactory  character  of  the  TJ  agar  plates.  These 

12  plates  were  covered  with  molds  or  other  confluent,  exfrancous  growth,  or  else 

the  distribution  of  the  surface  inoculum  was  so  inhomogeneous  that  a  count 
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Table  II.  Comparative  Data  From  Human  Salivary  Samples  in  SL  Agar  and  on  TJ  Agar* 

sample 
NO. 

SL  agar  I 
TJ  AGAR  1 

SL  agar  I 

TJ  AGAR 

LACTO- BAOLLI 

OTHER 

ORtiAN- 
ISMS 

LACTO- 
BAOLLI 

OTHER 

ORGAN¬ 

ISMS 

SAMPLE NO. LACTO¬ 

BACILLI 

OTHER 

ORGAN¬ 

ISMS 

LACTO- 

BAaLLI 

OTHER 

ORGAN¬ 

ISMS 

NUMBER/ML. 
X  1000 

NUMBER/ML. 
X  1000 

NUMBER/ML. 
X  1000 

number/ml. 
X  1000 

1 0 
2.4 

0 2.4 

51 

43 

0 35 

strep. 

2 46 0 21 0 52 2.6 0 1.8 

0.25 

3 2.2 0 1.5 0 

53 

•  37 

0 

15 

2 
4 281 0 60 mold 54 370 

270 

0.15 

5 8.2 0 6 0 55 15(50 0 

750 

5 
6 

4.7 
0 1.75 0.5 

56 

932 0 

500 

10 

7 105 0 42 mold 

57 

770 
0 675 3 

8 2.8 0 3 0 

58 

0.9 0.6 2 
3.55 

9 1350 0.2 
270 

2.8 59 m^m 0 8.8 
10 

780 0 6 0 

60 

1.3 0 1 0.55 
11 

19 
0 6 0 61 51 0 30 2.5 

12 
3.7 

0 0 0 

62 
361 

0 324 
mold 

13 2 0 0 0 

63 
1800 

0 

860 

0.05 

14 
229 0 12 0 

(54 

12 0 15 

2.5 

15 490 0 378 2.45 65 
277 

0 54 

0.05 

16 3.45 0 0 0 

(56 

1.2 0 

0.5 0.5 

17 198 0 
108 0.05 

67 

2940 

0 

1350 

0 
18 

215 0 

45 

0 68 

1.2 

0 0.5 3 
19 5.7 

0 
0.5 

0 

(59 

0 18 

0.15 

20 
3.2 0 1 0 

70  ■ 

281 0 

81 

8 
21 30 0 

16 

0 

71 

0.2 

0 0.05 

0.1 

22 12.5 0 7 1.2 mm 1 0 

0.3 

1 
23 312 

0 
108 

0.2 
0 4 

0.25 

24 
32 

0 

35 0.3 

mm 0 1.3 

0.6 

25 414 0 120 0 ■  9 
295 

0 300 2.3 
26 607 0 

210 
0 

76 

5.4 

0 6 1.1 
27 

42 0 0 0 77 2.6 0 0 
0.75 

28 
91 

0 65 0 

78 

35 

0 

24 

0.2 

29 0 0 0.05 0 

79 

95 0 74 0.35 

30 
275 0 

162 
0.05 

80 

800 
0 272 

mold 

31 41 0 14 
0.5 

81 0 0 1.5 
32 

7.1 0 1.5 0.25 

82 

71 0 19 

0.2 

33 81 0 

73 

0.45 
83 

289 
0 

155 
0 

34 11 0 9 0 84 125 0 

50 

0 
35 

31 0 22 
0.05 

85 

63 

0 

23 

2 
36 0.1 0 

0.1 

0 8(5 

(58 

0 27 0 
37 

269 0 

200 

mold 

87 

482 0 

108 

0.1 

38 
57 0 

45 
0.9 88 

7(50 

0 459 0 
39 236 0 135 0 

89 

0.2 0 

0.5 

0.05 

40 680 0 
203 

5 

90 

77 

0 30 

0.15 

41 2.9 0 

0.7 
0.2 

91 

73 

0 45 0.25 

42 123 0 

80 

1 

92 

310 0 

200 

16 
43 18 0 15 0 

93 
488 

0 

3(50 

1.4 
44 14.5 0 

10 

2.8 

94 

221 
0 226 0 

45 
0.2 

0 
0.05 0.35 

46 0.1 0 0 0.15 

47 520 0 600 
0.35 

48 
0.1 

0 0 0.95 

49 

37 

0 33 
0.15 

50 
541 

0.2 

500 

1.5 1 1 
•Sixteen  samples  negative  for  lactobacilli  on  both  media  and  12  samples  in  which  the TJ  plates  were  unsatisfactory  are  not  inclu<ie<l. 

fould  not  be  made  with  assurance.  In  two  cases  (1.6  per  cent)  the  counts  on 

SL  afrar  were  less  than  UK)  per  cent  of  those  on  TJ  ajrar.  However,  the  respec¬ 

tive  counts  were  of  the  same  order  of  magnitude,  namely,  l,3(K)  and  4,000;  and 

900  and  2,(K)0. 



Volume 
Number  > 

ISOLATION  AND  ENUMERATION  OF  ORAL  LACTOBACILLI 
687 

Twenty-six  of  the  TJ  agar  plates  were  negative.  Seventeen  of  the  corre¬ 

sponding  plates  of  SL  agar  were  also  negative;  of  the  remaining  corresponding 

SL  agar  i)lates  four  were  counted  as  100;  four  ranged  from  2,000  to  4,000;  and 

one  ])late  yielded  a  count  of  42,000.  These  latter  organisms,  which  were  deter¬ 
mined  to  be  lactobacilli,  were  found  to  be  incapable  of  growth  on  TJ  agar  at 

pH  5.0. 

A  large  number  (eighty-eight  or  72.1  per  cent)  of  the  TJ  agar  plates  con¬ 
tained  organisms  other  than  lactobacilli.  Micrococci  appeared  on  forty;  yeasts 

(generally  Candida)  on  thirty-eight;  streptococci  on  eleven;  molds  on  nine;  and 

gram-negative  rods  on  six  of  the  TJ  agar  plates.* 
This  compared  with  4  (3.3  per  cent)  of  the  SL  agar  plates  in  which  the 

only  extraneous  organisms  were  yeasts  present  in  significantly  reduced  numbers. 
These  data  are  summarized  in  Table  IV. 

RESULTS  FROM  HAMSTER  SAMPl.Fi^ 

Since  the  hamster  has  been  employed  as  a  promising  experimental  animal 

in  the  study  of  dental  caries,  it  was  decided  to  investigate  the  comparative  ef¬ 
ficiency  of  SL  and  TJ  agars  in  the  analysis  of  156  sami)les  from  hamsters.  The 

results  of  this  experiment  are  summarized  in  Table  III. 

Table  III.  Comparative  Data  From  Hamster  Oral  Samples  in  SL  Agar  and  on  TJ  Agar 

NO.  OF  PLATES PER  CENT 

SL  agar  counts  >  TJ  agar  counts* 
52 

33.3 

SL  agar  counts  ~  TJ  agar  counts «7 42.9 

Counts  not  comparable** 

.33 21.2 

TJ  agar  counts  >  SL  agar  counts 4 2.6 

Negative  plates 0 0 

•As  noted  earlier  the  data  are  compared  within  the  range  of  100  per  cent  differences 
since  the  errors  invoived  in  the  comparison  of  the  two  different  media  and  different  techniques 
tio  not  warrant  a  closer  comparison. 

••In  these  33  cases  the  TJ  agar  plates  were  useless  chiefly  because  of  extraneous  spread¬ 
ing  growth  obscuring  the  entire  plate. 

Fifty-two  (33.3  per  cent)  of  the  hamster  samples  yielded  counts  on  SL  agar 

greater  by  100  per  cent  than  those  on  TJ  agar;  sixty-seven  (42.9  per  cent)  of 

the  plates  were  comparable  on  the  two  media;  and  thirty-three  (21.2  per  cent) 
of  the  TJ  agar  plates  were  useless  because  of  overgrowths  of  molds  and  other 

spreading  organisms  covering  the  entire  plate,  or  because  of  extremely  poor 

distribution  of  the  surface  inoculum.  In  four  (2.6  per  cent)  of  the  samples  the 

counts  on  TJ  agar  w’ere  greater  by  100  jier  cent  than  those  on  SL  agar.  The 
respective  counts  were  135,000  and  60,000;  270,0(K)  and  51,000;  150,000  and 

50,000;  and  2,500  and  500.  There  were  no  negative  plates  on  either  medium 

with  these  hamster  samples. 

Organisms  other  than  lactobacilli  grew  on  eighty-two  (52.6  per  cent)  of 

the  TJ  agar  plates  in  this  animal  series.  Molds  appeared  on  49;  micrococci  and 

strejitococci  on  39;  yeasts  on  9;  spore-forming  bacilli  on  8;  and  gram-negative 
rods  on  2  of  the  TJ  agar  plates.t 

•it  may  be  noted  that  the  sum  of  the  above  organisms  was  greater  than  the  total  num- 
bt'r  of  plates  containing  microorganisms  other  than  lactobacilli  since  fourteen  of  the  plates 
contained  more  than  one  type  of  extraneous  organism. 

tit  may  be  of  incidental  interest  that  SL  agar  has  been  successfully  employed  (fecal  sam¬ 
ples)  for  the  specific  growth  of  fecal  lactobacilli  from  hamsters.  None  of  the  90  corresponding 
TJ  agar  plates  was  usable  because  of  the  presence  of  sprea«iing  growth  completely  obscuring 
the  plates. 
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Only  three  (1.9  per  eent)  of  the  SL  a^ar  plates  permitted  the  pjrowth  of 

orpranisms  other  than  laetobaeilli.  These  easily  recognizable  extraneous  organ¬ 
isms  were  yeasts  j)resent  in  very  greatly  reduced  numbers.  These  data  are  noted 
in  Table  IV. 

Table  IV.  Organisms  Other  Than  LACTOBAriLi.i  From  Human  and 
Hamster  Samples  in  SL  and  on  TJ  Agars 

[  SL  AGAR 

TJ  AGAR 

NO. 

PER 

('ENT 

NO. 

PER 

CENT 

Human  Samples 

Total  plates  containing  organisms  other  4 3.3 

88 

72.1 
than  laetobaeilli 

Plates  containing  mieroeoeei 0 0 

40 

32.8* 

Plates  containing  yeasts 4 
3.3 

38 

31.1* 

Plates  containing  .streptm'occi 
0 0 11 

9.0* 

Plates  containing  molds 0 0 9 

7.4* 

Plates  containing  gram  negative  rods 0 0 6 

4.9* 

Hamster  Samples 

Total  plates  containing  organisms  other 
than  laetobaeilli 3 

1.9 
82 

52.6 
Plates  containing  molds 0 0 49 

31.4* 

Plates  containing  cocci 0 
1.9 

39 

25.0* 

Plates  containing  veasts 3 0 9 

5.8* 

Plates  containing  spore-forming  bacteria 0 0 8 

5,1* 

Plates  containing  gram-negative  rods 0 0 2 

1.3* 

•It  may  be  observed  that  the  sunt  of  the  percentages  of  or^nisms  other  than  laetobaeilli 
exceed  the  percentages  of  plates  in  which  these  org:anisms  occurred  since  some  plates  con¬ 
tained  more  than  one  type  of  extraneous  organism. 

RKSISIAXCE  OF  SL  AGAR  TO  CONTAMINATION 

It  can  be  seen  from  the  data  already  presented  that  SL  agar  is  extremely 
resistant  to  contamination  by  organisms  other  than  laetobaeilli.  In  order  to 

corroborate  this  conclusion  from  the  experiments  with  oral  .samples,  a  group  of 

150  strains  comprising  oral  micrococci,  streptococci,  siiore-forming  bacteria, 

gram-negative  rods,  and  miscellaneous  unidentified  bacteria,  originally  isolated 
from  TJ  agar,  were  inoculated  in  SL  agar  and  incubated  for  extended  periods. 
There  was  no  visible  growth  or  colonial  development  of  these  strains  when  the 

plates  were  examined  fieriodically  at  magnifications  of  45x.  SL  agar  plates 

were  exposed  to  the  air  for  24  hours,  then  covered  and  incubated  at  room  tem¬ 

perature  and  37°  C.  with  the  same  negative  results  as  above.  Also,  dust  and 
floor  sweepings  were  inoculated  on  SL  agar  plates,  and  incubated  at  various 

temperatures  until  the  agar  had  dried  sufficiently  to  crack.  There  was  no  de¬ 
tectable  growth  on  these  plates  in  these  experiments. 

DISCUSSION 

^  Although  it  has  been  shown  that  SL  agar  is  a  highly  desirable  medium  for 
,  oral  laetobaeilli,  it  should  not  be  assumed  that  SL  agar  is  altogether  favorable 

for  the  growth  of  dairy  laetobaeilli.  The  medium  requires  some  modification, 

particularly  in  the  salt  solution,  for  the  good  growth  of  such  dairy  types  as 
Lactobacillus  bulgaricus,  L.  helveticus,  and  L.  lactis.  These  organisms  have  not 

yet  been  recovered  from  favorable  media  in  2,000  oral  samplings  and  apparently 
do  not  become  implanted  in  the  mouth. 
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Except  for  the  infrequent  presence  of  j’easts  in  greatly  reduced  numbers, 
SL  agar  completely  inhibited  the  remaining  extraneous  oral  flora  and  also  sup¬ 
ported  the  favorable  growth  of  oral  lactobacilli.  The  few,  infrequent  yeasts 
were  easily  recognizable  by  their  relatively  large,  white,  and  aerobic  colonies. 

Finally,  in  the  experience  of  the  authors,  SL  agar  was  simple  to  prepare,  repro¬ 
ducible,  inexpensive,  and  supported  the  good  growth  of  oral  lactobacilli  within 
72  hours  of  incubation. 

SUMM.VRY 

A  new,  easily  prepared,  inexpensive,  and  reproducible  medium  is  presented 
for  the  selective  isolation  and  enumeration  of  oral  lactobacilli  from  human  and 

animal  samples.  In  the  comparative  study  of  122  human  salivary  specimens 
and  156  oral  hamster  samples  in  the  new  SL  agar  and  on  the  modified  Hadley 

TJ  agar,  it  was  found  that  SL  agar  w'as  almost  completely  specific  for  lacto¬ 
bacilli  and  produced  counts  which  compared  favorably  witih  those  obtained 

from  TJ  agar.  Except  for  the  yeiw  infrequent  presence  of  yeasts  in  greatly  re¬ 
duced  numbers,  all  of  the  organisms  other  than  lactobacilli  found  on  TJ  agar,  / 

such  as  micrococci  or  staphylococci,  streptococci,  molds,  spore-forming  bacteria.  / 
and  gram-negative  ro<ls,  are  eliminated  in  SL  agar. 
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INTRODUCTION 

Although  dental  caries  is  considered  to  occur  in  various  laboratory'  ani¬ mals,  the  histopathology  of  the  early  microscopic  phases  of  the  disease  in 

the  enamel  has  been  given  very  little  attention.  Keyes*  studied  caries  lesions  in 
the  Syrian  hamster  and  showed,  by  histological  sections  of  decalcified  material, 

that  the  lesion  in  this  animal  api)ears  quite  similar  to  that  described  in  humans. 

He  observed  a  penetrating  yellow-brown  to  brownish-gray  discoloration  of  the 
enamel  to  be  as.sociated  with  early  caries,  but  stated  that  these  incipient  changes 

were  often  difficult  to  identify  positively  as  being  carious.  He  found  that 

ground  .sections  were  helpful  in  identifying  such  areas  but  that  microscopic 

examinations  did  not  always  permit  positive  distinction  between  incipient  caries 

pigmentation  and  apparently  normal  enamel  discoloration.  Certain  of  his 

photomicrographs  .showed  gram-positive  spherical  microorganisms  in  the  enamel 

matrix  and  in  dentin.  The  research  of  Keyes*  demonstrated  caries  in  the  ham¬ 
ster  teeth  by  several  means  and  utilized  a  large  number  of  animals.  Since  this 

investigation  technically  was  of  an  encompassing  nature,  it  dealt  only  in  a 

cursory  way  with  the  microscopic  phase  of  the  disease  from  the  standpoint  of 
decalcified  material. 

The  experiment  to  be  reported  was  devised  to  study,  in  minute  and  precise 

detail,  the  relation.ship  the  organic  component  of  the  enamel  bears  to  the  histo- 
})athology  of  caries,  and  the  effect  upon  it  of  bacterial  invasion.  Because  of 
the  close  attention  which  must  be  paid  to  the  many  factors  involved  in  the 

preparation  of  this  kind  of  material  and  the  making  of  a  .serial  study  for  micro¬ 
scopic  examination,  the  molar  teeth  of  3  laboratory  animals  are  reported  in 
this  study. 

MATERIALS  AND  METHODS 

The  teeth  studied  were  from  normal  laboratory  animals.  They  will  be 

designated  as  A,  H,  and  C.  They  were  of  comparable  age  and  their  diets  con¬ 
sisted  es.sentially  of  fresh  greens,  oats,  fox  chow,  and  sunflower  seeds.  The 

mandibular  and  maxillary  teeth  including  the  alveolar  process  were  removed 
from  the  jaws  and  placed  immediately  in  10  per  cent  neutral  formol.  A  gross 

examination  of  all  the  teeth  was  made  with  the  dis.sccting  microscope  at  this 

PrcBenteJ  at  th<!  Twenty-Fifth  Oeneral  Meeting  of  the  International  Aasociation  for 
Dental  Researeh,  ChicaRO,  III.,  June  21-22,  1947  (7.  />.  Res.  26:  475,  1947). 

Received  for  publication,  IX*c.  22,  1950.  Revisetl  by  author  March  26,  1951. 
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time.  Their  characteristics  are  described  under  the  observations  of  the  indi¬ 

vidual  teeth.  Detail  of  the  morphology*  of  the  hamster  teeth  is  discussed  in  some 

length  by  Keyes  and  Dale.* 

Following  a  24-hour  period  of  fixation,  the  molars  of  the  3  animals  were 

dissected  from  their  bony  sockets  and  prepared  for  histological  study.  The 

grooves  and  fos.sae  in  the  teeth  of  1  of  the  animals  were  probed  for  softened 

areas  in  the  enamel  and  dentin  and,  therefore,  could  not  be  used  for  histological 

study. 

The  remaining  teeth  of  the  2  animals  were  dehydrated  with  70  per  cent 

alcohol  and  then  decalcified  for  5  hours  in  80  per  cent  alcohol  and  5  per  cent 

nitric  acid.  This  method  of  decalcification  seems  to  yield  a  greater  amount  of 

organic  matrix  with  less  distortion  of  the  ti.ssue  than  other  methods  which  have 

been  employed  in  the  laboratory.  The  dehydration  was  continued  in  80  per 

cent  alcohol,  90  per  cent,  95  per  cent,  and  in  absolute  alcohol.  The  final  de¬ 

hydration  was  accomplished  by  alcohol  and  ether.  The  material  was  then  in¬ 

filtrated  for  24-hour  periods  each  in  10  per  cent  nitrocellulose  and  25  per  cent 
nitrocellulose.  The  teeth  were  then  embedded  in  25  per  cent  nitrocellulose. 

The  embedded  teeth  were  serially  sectioned  on  the  microtome  to  an  approximate 

thickness  of  5  /u..  The  tissue  sections  were  freed  from  the  nitrocellulose  by  im¬ 

mersion  in  eugenol.  The  staining  procedures  included  Dram-Weigert,  Mac- 
Callum-Gram  and  Masson-Trichrome.  Occasional  sections  were  stained  with 

silver  nitrate  after  Von  Kossa’s  method  to  determine  whether  any  mineral  re¬ 

mained  in  the  sectioned  material.  In  our  studies,  as  in  Keyes’,  a  heavy  organic 
cuticle,  homogeneous  in  nature,  covered  the  enamel  of  the  anatomical  crown, 

and  was  retained  in  the  histological  sections. 

obsi:rvatioxs 

Animal  .1,  female,  was  sacrificed  at  18  months.  The  animal  had  a  full  com¬ 

plement  of  teeth.  The  low-power  examination,  at  14  to  20  diameters  magnifica¬ 

tion,  showed  the  teeth  to  be  generally  discolored.  There  were  no  open  carious 

lesions.  The  buccal  and  lingual  pits  and  occlusal  fossae  of  the  maxillary*  teeth 

appeared  as  darkly*  stained  areas  which  contained  debris  and  particles  of  food. 
The  mandibular  teeth  were  worn  do\Mi  practically  to  the  cervical  line.  The 

maxillary  molars  were  worn  less  than  the  mandibular  molars. 

The  buccal  and  lingual  pits  and  the  occlusal  fossae  in  the  teeth  of  this 

animal  were  probed  for  softened  areas.  The  dark  plaque-like  material  in  the 

pits  and  fos.sae  was  removed,  exposing  an  api)arently’  sound,  but  stained  enamel 

surface.  Since  the  surface  of  the  pits  and  fossae  had  been  disturbed  by*  me¬ 
chanical  probing,  no  further  work  was  done  on  the  teeth  of  this  animal. 

Animal  B,  female,  was  also  sacrificed  at  18  months.  A  gross  examination 

of  all  of  the  surfaces  of  the  teeth,  by  the  dissecting  microscope,  showed  the  teeth 

to  have  numerous  deeply  stained  areas  on  the  enamel  surfaces.  There  were  no 

visible  cavities  in  the  enamel.  One  of  the  maxillary*  first  molars  was  selected 
for  preparation  and  histological  examination.  The  tooth  was  sectioned  in  a 

mesio-distal  direction  and  54  serial  sections  were  made  from  this  specimen. 

i 
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The  microscopic  examination  of  the  serial  sections  showed  fragmentary 
remnants  of  organic  matrix.  Plaques  were  present  in  the  occlusal  pits  and 

sulci.  Deeply  stained  parts  of  the  organic  cuticle  were  retained  in  the  gingival 
sulcus.  This  cuticle  was  heavily  infiltrated  with  microorganisms.  One  of  the 

occlusal  fossae  contained  a  plaque  which  was  so  heavily  stained  that  it  was  im¬ 
possible  to  definitely  establish  the  relationship  of  the  organisms  within  the 

plaque  (Fig.  1).  It  was  possible  only  to  trace  the  organic  cuticle  to  the  pe- 

Fig.  1. 

Pip.  2. 

Fig.  1. — Animal  B,  maxillary  Ist  molar,  hamster,  18  months,  decalcified  mesio-distal 

section,  5  ti  neutral  formol  fixation.  Gram-W'eigert,  X200;  illustrating  a  section  of  an occlusal  sulcus  containing  the  plaque,  organic  cuticle,  and  enamel  matrix.  A,  organic  cuticle; 
B,  plaque ;  C,  remnants  of  organic  matrix  ;  D,  lamella ;  E,  dentino-enamel  Junction. 

Fig-.  2. — Animal  B,  maxillary  1st  molar,  hamster.  18  months,  decalcified  mesio-distal 
section,  5  a  neutral  formol  fixation.  Gram-Welgert  XI 000;  illustrating  the  relationship  of  the 
plaque  to  the  organic  cuticle  and  lamella.  A,  plaque ;  B,  cuticle  lost,  exposing  ends  of  organic 
rods ;  C,  organic  cuticle ;  D,  eroded  ends  of  organic  rods ;  E,  stained  organic  tract,  or  lamella ; 
F,  dentino-enamel  Junction. 
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riphery  of  the  plaque  where  it  became  progressively  more  ragged  and  finally 

could  not  be  traced  beneath  the  plaque  (Fig.  2).  In  the  depth  of  the  fossae 

the  ends  of  the  rods  of  the  organic  matrix  formed  an  irregular  surface.  A  few 

of  them  appeared  eroded  and  projected  beyond  the  others.  In  these  sections, 

where  the  ends  of  the  rods  were  exposed,  the  organic  cuticle  was  entirely  lost. 

In  certain  areas  beneath  the  plaque  tracts  of  enamel  matrix  stained  more 

heavily.  In  some  sections  these  tracts  extended  toward  the  dentino-enamel 

junction  and  resembled  the  descriptions  of  lamellae  (Fig.  2  E).  No  organisms 
could  be  found  in  these  areas. 

Fig.  3. — Animal  B,  maxillary  1st  molar,  hamster,  18  months,  decalcifled  meslo-distal 
section,  5  >  neutral  formol  fixation.  MacCallum-Gram,  XI 50;  illustrating  an  over-all  picture 
ot  the  plaque  and  presence  of  microorganisms  in  the  dentin.  A,  plaque ;  B,  remnants  of 
enamel  matrix ;  C,  bacteria  present  in  dentin ;  D,  dentin ;  E,  predentin ;  F,  pulp. 

A  plaque  was  retained  over  one  of  the  cusps  from  which  the  enamel  had 

been  worn  away  by  attrition,  exposing  the  dentin  (Fig.  3).  The  plaque  con¬ 
tained  numerous  organisms  and  stained  heavily.  Several  of  the  serial  sections 

showed  the  presence  of  cocci  in  the  dentinal  tubules  (Fig.  4  B).  These  organ¬ 
isms  were  observed  along  the  lateral  walls  of  the  dentinal  tubules.  In  several 

of  the  tubules  the  organisms  had  penetrated  as  far  as  the  pre-dentin  where  a 

number  of  them  seemed  to  form  a  bacterial  focus  (Fig.  4  C). 

Animal  C,  female,  was  sacrificed  at  approximately  18  months.  The  gross 

examination  with  the  dissecting  microscope  showed  the  teeth  to  be  discolored 

with  deeply  stained  areas  in  the  pits  and  sulci.  The  enamel  at  the  apices  of 

the  cusps  was  worn  away  through  attrition.  There  Were  no  gross  cavities  in 

the  enamel.  Four  of  the  mandibular  molars  were  prepared  for  histological 

study.  Three  of  these  were  sectioned  in  the  mesio-distal  direction,  while  the 
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fouilh  was  sectioned  buceo-lingually.  The  teeth  will  be  referred  to  as  molars 

1,  2,  3,  and  4.  Molars  1  and  2  were  imbedded  in  the  same  block  and  61  serial 

sections  showed  fragments  of  enamel  matrix  in  the  region  of  the  occlusal  pits 

KIk.  (t. 

KIk.  5. — Animal  C,  mulara  1  ami  2,  manilibular  lat  anti  L'ml  molars,  liants'er,  18  months. 
ileoalcifU*il  mosio-ilistal  st'otlon,  5  ii  neutral  forniol  flxatlon,  (Jram-Welgert,  X25:  illustrating 
an  over-all  picture  of  the  occlusal  sulci  anil  plaques.  .4,  1st  mantllbular  molar  (molar  11; 
H.  2nil  mamlibular  molar  (molar  2)  ;  C,  occlusal  platiue  In  1st  mantllbular  molar. 

Kig.  6. — .\nlmal  C,  molar  2,  mantllbular  2ntl  molar,  hamster,  18  months,  tlecalclfletl 
meslo-tlistal  section,  5  it  neutral  formol  (Ixatlon,  MacOallum-(iram,  X50;  Illustrating  the 
occlusal  platiues,  organic  cuticles  anti  enamel  matrix.  .4,  mesial  sulcus  showing  organic 
plat|ue,  cuticle  anti  relatittnship  to  enamel  matrix  ;  R,  tiistal  sulcus  showing  plaque  anti  cuticle : 

C.  oral  epitl)(‘llum ;  /),  gingival  sulcus.  • 

Kig.  4. — Animal  H,  maxillary  1st  molar,  hamster,  18  months,  tiecalcifteti  meslo-tiistal  sec¬ 
tion,  5  n  neutral  formol  fixation.  MacCallum-itram,  xlOOO;  illustrating  the  presence  of  bac¬ 
teria  in  the  tientin.  Organisms  along  inner  walls  of  tubules  exteniling  from  the  apex  of  the 

cusp  towartl  the  pulp,  anti  a  bacterial  fiM'Us  near  preilentin.  .4,  plaque;  K,  bacteria  in  tientinal 
tubules ;  C,  bacterial  focus  at  preilentin. 
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and  fossae  (Fig.  5).  The  enamel  matrix  that  was  preserved  had  the  usual  rod 

matrix  formation.  The  greater  part  of  the  retained  matrix  was  in  good  rela¬ 

tion  to  the  dentino-enamel  junction. 

Animal  C,  Molar  1  (mandibular  first  molar).  Fig.  5  A.  An  occlusal  plaque 

was  retained  which  was  heavily  contaminated  with  microorganisms.  Because  of 

the  dense  staining  of  the  plaque  it  was  not  possible  to  make  a  detailed  examina¬ 

tion  of  its  contents.  There  were  no  organisms  in  the  enamel  matrix  under  the 

plaque. Fig.  7. 

Fig.  8. 

Fig.  7. — Animal  C,  molar  2.  mesial  sulcus,  mandibular  2nd  molar,  hamster.  18  months, 
decalcified  mesio-distal  section,  5  u  neutral  formol  fixation,  Gram-Weigert  X300:  illustrating 
the  plaque  and  enamel  matrix  in  the  mesial  sulcus  and  the  presence  of  microorganisms  in 

the  enaipel.  A,  organic  cuticle ;  B,  plaque ;  C,  depth  of  sulcus ;  £>,  enamel  matrix ;  E.  micro¬ 
organisms  in  enamel  matrix. 

Fig.  8. — Animal  C,  molar  2,  mandibular  2nd  molar,  hamster,  18  months,  decalcified 
mesio-distal  section,  5  a  neutral  formol  fixation,  Gram-Welgert  XIOOO;  illustrating  invasion 
of  organisms  in  enamel  matrix  ( in  the  mesial  sulcus ) .  A,  inaque ;  B,  eroded  ends  of  organic 
rods  and  coccoidal  organisms  in  relationship  to  disintegrating  enamel  surface :  C,  enamel 
matrix :  U,  microorganisms  in  enamel. 
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Animal  C.  In  Molar  2  (mandibular  second  molar)  2  occlusal  plaques  were 

retained  in  the  occlusal  sulci  (Fig.  6  A  and  B). 

Mesial  Sulcus  of  Molar  2. — The  plaque  in  the  sulcus  between  the  first  and 
second  cusps  was  well  preserved  and  the  relationship  between  the  plaque  and 

Fig.  9. 

Fig.  10. 

Fig.  9. — Animal  C,  molar  2,  distal  sulcus,  mandibular  2nd  molar,  hamster,  18  months, 
dwalclfled  mesio-distal  section,  6  a  neutral  formol  fixation,  Gram-Welgert,  X800 ;  Illustrating 
the  plaque  formation  in  the  distal  occlusal  sulcus.  A,  plaque  in  distal  occlusal  sulcus ; 
B,  coccoidal  organisms ;  Cj  organic  cuticle ;  D,  depth  of  sulcus  showing  disintegrated  cuticle ; 
E,  remnants  of  enamel  matrix. 

Fig.  10. — Animal  C,  molar  2,  mandibular  2nd  molar,  hamster,  18  months,  decalcified 
mesio-distal  section,  5  a  neutral  formol  fixation,  Gram-Weigert,  XI 80;  illustrating  the  gingival 
sulcus  on  the  distal  surface  of  the  second  molar.  A,  gingival  sulcus ;  B,  oral  epithelium ; 
C,  epithelium  lining  the  gingival  sulcus ;  D,  organic  cuticle  and  plaque. 



FJ*.  11. 

For  legend  see  oppotite  page 
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enamel  matrix  was  excellent.  The  plaque  seemed  to  be  amorphous  and  took  the 

eosin  of  the  Gram-WeiRert  stain.  The  microorganisms  were  predominately 

cocci  and  gram-positive.  They  were  largely  confined  to  the  periphery  of  the 

plaque. 
The  organic  cuticle  was  intact  on  either  side  of  the  enamel  walls  of  the 

sulcus  but  could  not  be  traced  under  the  main  body  of  the  plaque  (Fig.  1  A). 

The  ends  of  the  enamel  rods  in  the  depth  of  the  sulci  appeared  ragged  and  un¬ 
even  (Fig.  8).  Several  colonies  of  coccoidal  organisms  were  seen  within  the 

enamel  matrix  just  below  the  surface.  Isolated  groups  of  coccoidal  forms,  w’hich 
seemed  to  occupy  the  core  of  the  matrix  rod,  could  be  determined  deep  within 

the  matrix  (Fig.  8  D).  There  was  evidence  in  the  serial  sections  that  these 

isolated  colonies  were  connected  with  the  more  superficial  caries  areas  near  the 

surface.  The  matrix  surounding  the  deep  colonies  stained,  histologically,  more 
intensely. 

Distal  Sulciis  of  Molar  2. — The  plaque  in  the  sulcus  between  the  second 

and  third  cusps  stained  less  heavily  than  the  one  previously  described  but  was 

similar  in  the  overall  appearance  (Fig.  6  B,  Fig.  9).  There  were  fewer  organ¬ 

isms  which  seemed  to  be  predominately  coccoidal  in  appearance.  The  body  of 

the  plaque  was  clearly  discernible  and  accepted  the  eosin  of  the  Gram-Weigert 

stain.  The  organic  cuticle  showed  a  clear-cut  picture  of  disintegration  at  the 

depth  of  the  sulcus  (Fig.  9  D).  Coccoidal-appearing  organisms  could  be  deter¬ 

mined  within  the  eroded  ends  of  the  partially  disintegrated  cuticle. 

The  distal  surface  of  the  second  molar  had  a  w’ell-defined  organic  cuticle 
which  extended  from  the  bottom  of  the  gingival  sulcus  to  almost  the  tip  of  the 

cusp  (Fig.  10).  This  cuticle  was  formed  of  remnants  of  the  reduced  enamel 

epithelium  and  pyknotic  epithelial  cells.  Since  the  enamel  matrix  wras  lost  in 

this  area  during  the  preparation  of  the  specimen,  the  cuticle  had  fallen  in  toward 

the  dentin  surface  but  remained  fairly  well  intact  (Fig.  10  D).  The  cuticle 

toward  the  occlusal  surface  was  packed  with  mierooi^anisms,  w’hile  that  portion 
of  the  cuticle  near  the  bottom  of  the  sulcus  contained  only  a  few  organisms 

(Fig.  11).  In  the  more  superficial  areas  of  the  cuticle  the  organisms  were  pre¬ 

dominately  threadlike  forms  while  near  to  the  enamel  surface  they  were  coc- 

coidal  in  shape  (Fig.  11). 

Animal  C,  Molar  3  (mandibular  first  molar)  sectioned  in  a  mesio-distal 

direction.  Forty-one  serial  sections  were  made  from  the  tooth,  but  w’ere  not 
suitable  for  photomicrographic  reproduction.  Only  isolatevl  remnants  of  the 

enamel  matrix  were  recovered,  the  majority  being  lost  by  the  demineralization 

process.  Remnants  of  the  on?anic  cuticle  were  saved,  some  of  which  retaineil 

their  continuity  with  the  matrix  and  the  plaque.  The  apices  of  the  cusps  were 

abraded  to  the  extent  that  the  enamel  was  entirely  gone. 

Microscopic  plaques  on  the  occlusal  surface  were  observed  in  many  of  the 

serial  sections.  These  were  found  in  the  deepest  part  of  the  occlusal  sulci  and 

KIk.  11. — Animal  G,  molar  2,  mandibular  2nd  molar,  hamster.  18  months,  decaloifled 
mesio-distai  section,  6  a  neutral  formol  fixation.  (iram-WelKert,  XlOOO;  illustrating  the 
gingival  sulcus  on  the  distal  surface  of  the  secomi  molar.  .4,  gingival  sulcus;  B,  sulcus 
epithelium  ;  C,  dentin  ;  D,  organic  cuticle  ami  plaque. 
Arrows  indicate  microorganisms. 
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grooves.  In  some  sections  a  fair  relationship  of  the  plaque,  organic  cuticle,  and 

a  continuous  remnant  of  the  enamel  matrix  approximating  the  cuticle  could  be 

determined.  The  plaque  presented  the  usual  amorphous  background  which 

contained  a  multitude  of  organisms.  The  coccoidal  forms  seemed  to  predomi¬ 
nate.  In  one  section  the  plaque  was  covered  with  debris  which  was  relatively 

free  of  organisms.  There  was  no  deep  invasion  of  the  matrix  in  this  specimen 

and  no  dentin  involvement  could  be  determined.  Several  heavier  staining 

lamellae  were  observed  extending  between  the  cuticle  of  the  enamel  surface 

and  the  dentino-enamel  junction.  These  lamellae,  although  they  stained  histo¬ 
logically  more  intensely  than  the  surrounding  matrix,  did  not  contain  organisms. 

The  gingival  sulcus  contained  remnants  of  the  organic  cuticle  and  a  definite 

plaque  which  closely  re.sembled  that  found  in  the  occlusal  surface.  Several  of 

the  sections  were  carefully  stained  with  crystal  violet  for  microorganisms  and 

yielded  an  excellent  picture  with  threadlike  microorganisms  predominating  in 

colony-like  formation.  The  coccoidal  variations  were  in  the  minority  and  were 
located  approximating  the  enamel  surface.  In  many  instances  granules  could 

be  determined  at  the  ends  of  the  threads,  and  these  were  located  in  the  plaque 
nearest  the  tooth  surface. 

Animal  C,  Molar  4  (mandibular  second  molar)  sectioned  in  a  bucco-lingual 
direction,  from  which  91  serial  sections  were  made.  The  enamel  of  the  apices  of 

the  cusps  was  worn  away  through  attrition,  and,  therefore,  no  enamel  matrix 
could  be  recovered  from  these  areas.  The  microscopic  study  of  this  tooth  was 
largely  confined  to  2  occlusal  fos.sae  which  will  be  designated  as  the  mesial  and 
distal. 

Mesial  Fossa  of  Molar  4. — The  plaque  lying  in  the  mesial  fossa  of  the  oc¬ 
clusal  surface  was  extremely  dense  and  contained  a  multitude  of  organisms 

(Fig.  12).  The  plaque  and  organic  cuticle  were  so  deeply  stained  that  the  pre¬ 

cise  relationship  of  plaque  to  cuticle  in  some  of  the  sections  could  not  be  deter¬ 
mined.  In  this  section  the  plaque  was  in  direct  continuity  with  a  lamella  which 

extended  l)etween  the  enamel  surface  and  the  dentino-enamel  junction  (Fig. 
12  F). 

In  the  other  serial  section.s,  taken  laterally  from  the  central  part  of  the 

fos.sa,  lamellae  were  observed  to  extend  from  the  dentino-enamel  junction  to 
become  continuous  with  the  surface  cuticle  (Fig.  13  A).  Both  the  lamellae  and 

the  cuticle  stained  more  intensely  than  the  surrounding  enamel  matrix.  Certain 

of  the  tracts  or  lamellae  at  the  enamel  surface  were  somewhat  funnel-shaped 
and  crowded  with  coccoidal  microorganisms  (Fig.  13  C).  Other  lamellae  had 

a  similar  appearance  (Fig.  14  C).  Occasional  coccoidal  forms  were  seen  to 

occupy  the  tract  toward  the  dentino-enamel  junction  (Fig.  14  B). 

An  examination  of  the  dentin  lying  immediately  beneath  another  lamella 
showed  that  the  microorganisms  had  penetrated  along  several  dentinal  tubules 

as  far  as  the  predentin  of  the  pulp  (Fig.  15).  In  some  of  the  tubules  there 
seemed  to  be  a  lateral  spreading  of  the  bacteria  in  the  dentin  (Fig.  16  B).  There 

was  apparently  no  pulp  reaction  resulting  from  the  close  approximity  of  the 
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organisms  at  this  time.  The  microorganisms  seen  in  the  dentin  were  morpho¬ 
logically  the  same  as  those  observed  along  the  surface  of  the  organic  cuticle  and 
within  lamellae. 

Fig.  12. 

Fig.  13. 

Fig.  12. — Animal  C,  molar  4,  mesial  fossa,  mandibular  2nd  molar,  hamster,  18  months, 
decalcified  bucco-lingual  section,  5  ii  neutral  formol  fixation,  Oram-Weigert,  X300;  Illustrating 
the  plaque  in  the  mesial  fossa  of  the  occlusal  surface.  A,  organic  cuticle;  B,  enamel  matrix: 

C,  dentino-enamel  Junction;  D,  dentin;  E,  plaque;  F,  lamella.  • 

Fig.  13. — Animal  C,  molar  4.  mandibular  2nd  molar,  hamster,  18  months,  decalcified 
bucco-lingual  section,  5  g  neutral  formol  fixation,  MacCallum-Gram,  XIOOO;  illustrating  the 
lamella  extending  between  the  dentino-enamel  Junction  and  the  surface  cuticle  in  the  lateral 
section  of  the  mesial  fossa.  A,  organic  cuticle;  B,  remnants  of  enamel  matrix;  C,  organisms 

in  lamella ;  D,  lamella ;  E,  dentino-enamel  Junction. 



702 NUCKOLLS,  KILLIAN,  AND  FRISBIE 
J.  D.  Res. 

October,  1951 

Distal  Fossa  of  Molar  4. — A  dense  bacterial  plaque  occupied  the  deepest 
part  of  the  pit.  A  differentiation  between  the  organic  cuticle  and  the  inner 

surface  of  the  plaque  could  not  be  made  in  the  sections  taken  from  the  center 

of  the  plaque.  In  the  more  lateral  sections  the  cuticle  could  be  determined  in 

relation  to  the  organic  rods  of  the  enamel  matrix  (Fig.  17).  A  definite  break 
in  the  cuticle  was  evident  and  bacteria  had  penetrated  and  spread  laterally  into 

the  enamel  (Fig.  18). 

The  serial  sections  showed  that  the  organisms  may  have  gained  an  entrance 

through  the  disintegrated  organic  cuticle,  establishing  a  large  focus  of  bacteria 

in  the  enamel  approximately  midway  between  the  dentino-enamel  junction  and 
the  enamel  surface  (Fig.  18  D).  The  focus  had  spread  laterally  so  as  to  under¬ 
mine  the  intact  surface  and  contained  many  coceoidal  forms  (Fig,  19  B).  The 
bacteria  were  confined  to  this  circumscribed  area  and  no  involvement  of  the 

dentin  could  be  found  in  any  of  the  serial  .sections. 

Fig.  14. — .\nimal  C.  Molar  No.  4.  Mandibular  2nd  molar,  hamster,  18  months,  de¬ 
calcified  bucco-lingual  section,  5  a  neutral  formol  fixation.  MacCallum  Gram,  XIOOO.  Il¬ 
lustrating  the  organic  cuticle  and  microorganisms  present  in  the  lamella  In  a  lateral  section 
of  the  mesial  fossa.  A,  organic  cuticle;  B,  coccoldal  organisms  In  the  lamella;  C,  lamella; 
D,  dentino-enamel  junction. 

DISCUSSION 

The  purpose  of  this  investigation  was  to  study  by  histological  methods  the 

relationship  the  organic  component  of  the  enamel  bears  to  the  histopathology 

of  early  enamel  caries.  Although  relatively  few  teeth  were  used  in  the  investiga¬ 
tion,  an  attempt  was  made  to  study  them  by  following  out  precise  methods  of 
preparation  and  staining  and  serial  sectioning.  From  these  serial  sections  it 

seemed  possible  to  present  a  fairly  accurate  histological  concept  of  the  early 
caries  lesion  of  the  organic  cuticle  and  lamellae  in  the  enamel  of  the  Syrian 

hamster.' 
The  fos.sae  and  sulci  in  the  teeth  of  one  animal  were  studied  for  orientation, 

under  the  low  power  dissecting  microscope.  The  debris  of  the  plaque  was  re- 
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moved,  revealing  a  brown-stained  area  of  enamel.  These  areas  were  probed  and 

the  enamel  surface  seemed  to  be  intact  and  sound.  No  gross  lesions  or  cavita¬ 

tion  of  the  enamel  were  observed  in  any  of  the  animals  studied,  although  cavita¬ 

tion  in  similar  areas  has  been  demonstrated  by  other  investigators.*’  ® 

This  histological  study  showed  2  types  of  plaques:  those  occurring  in  the 

fossae  and  sulci  of  the  occlusal  surfaces  and  those  in  the  gingival  sulci. 

The  microscopic  plaques  found  in  the  occlusal  surfaces  appeared  to  be 

quite  dense  and  the  histological  stains  revealed  many  organisms.  These  organ¬ 

isms  were  predominately  coccoidal  in  form  and  gram-positive,  although  thread 

forms  were  observed  in  many  of  the  sections.  When  the  matrix  or  the  back¬ 
ground  of  the  plaques  could  be  observed,  it  appeared  to  be  of  an  amorphous 

structure  and  accepted  the  acid  stain. 

In  the  gingival  sulci  the  matrices  of  the  plaques  were  formed  of  remnants 

of  the  enamel  organ  and  pyknotic  epithelial  cells.  These  plaques  were  heavily 

infiltrated  with  both  threadlike  organisms  and  coccoidal  forms.  The  thread 

forms  occupied  the  more  superficial  areas,  whereas  the  coccoidal  forms  were  in 

greater  abundance  in  the  deeper  structure  of  the  plaques. 

The  anatomical  crown  of  the  molar  was  covered  with  a  heavy  organic 

cuticle.  In  the  histological  sections  this  cuticle  was  homogeneous  and  stained 
darker  than  did  the  enamel  matrix. 

With  the  onset  of  caries  this  organic  cuticle  became  ragged  beneath  the 

plaque.  In  the  more  advanced  lesion  it  was  completely  lost  exposing  the  ends 

of  the  organic  enamel  rods.  When  the  ends  of  the  rods  were  exposed,  they 

presented  an  eroded  appearance.  As  the  lesion  advanced,  coccoidal  organisms 

were  observed  deep  within  the  enamel  matrix. 

In  occlusal  fossae  and  sulci  of  the  teeth,  darker  staining  organic  tracts  or 

lamellae  were  observed  extending  between  the  enamel  surface  and  the  dentino- 
enamel  junction.  These  organic  tracts  appeared. to  be  continuous  with  the 

surface  cuticle.  In  many  of  the  serial  sections  bacteria  could  be  determined 

along  these  tracts  to  the  dentino-enamel  junction  where  they  were  seen  to  pene¬ 
trate  the  dentin. 

In  serial  sections  of  2  specimens  organisms  had  definitely  penetrated  into 

the  dentin.  These  organisms  appeared  as  cocci  and  seemed  to  be  located  in  the 

lateral  walls  of  the  tubules.  Only  a  few  tubules  were  involved  but  the  bacteria 

had  penetrated  as  far  as  the  predentin  where  they  established  a  small  focus. 

It  was  not  possible  to  determine  clearl.v  whether  there  was  a  pulp  response  as 
the  result  of  the  focus. 

From  the  above  histological  picture  it  would  seem  that  the  organic  cuticle 

directly  beneath  the  bacterial  plaque  is  the  first  to  undergo  a  breakdown  in  the 

caries  process.  With  its  destruction  the  ends  of  the  rods  and  interrod  intervals 

were  opened  up  and  the  rods  appeared  to  undergo  a  breakdown.  Following 

the  destruction  of  the  cuticle  and  the  opening  of  the  rods,  organisms  were  ob¬ 

served  along  specific  organic  tracts.  These  paralleled  the  direction  of  the  enamel 

rods  and  appeared  to  be  lamellae.  These  tracts  were  continuous  with  the  surface 

cuticle  and  could  not  be  determined  by  gross  visual  means. 
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FIk.  15. 

Fig.  16. 

Kig.  15. — .\ninial  C,  inulur  4,  nieHial  fosaa,  mandibular  2nd  molar,  hamster,  18  months, 
decalcifled  bucco-lingual  section,  5  n  neutral  formol  fixation,  (Iram-Weigert,  X200;  illustrating 
the  microorganisms  in  the  dentin  (under  the  area  of  the  mesial  fossa).  A,  dentin;  B.  micro¬ 
organisms  :  C,  predentin ;  D,  pulp. 

Fig.  16. — Animai  C,  molar  4,  mandibular  2nd  molar,  hamster,  18  months,  decalcified 
bucco-lingual  section,  5  u  neutral  formol  fixation,  MacCallum-Gram,  XlOOO;  illustrating  the 
focus  of  organisms  in  the  dentin.  A,  dentin ,  B,  lateral  spreading  of  bacteria  in  dentinal 
tubules. 
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Fig.  17. 

Fig.  18. 

Fig.  17. — Animal  C,  molar  4,  dlatal  occlusal  fossa,  mantUbular  2nd  molar,  hamster,  18 
months,  decalcifle<t  bucco-IIngual  section,  5  m  neutral  formol  flxation,  (Jram-Weigert,  Xl75: 
illustrating  the  bacterial  Invasion  in  the  enamel  matrix.  .4,  bacterial  invasion  into  enamel ; 

B,  bacterial  focus ;  C,  organic  cuticle ;  /),  enamel  matrix ;  E,  dentino-enamel  Junction. 

Fig.  18. — Animal  C,  molar  4,  distal  fossa,  mandibular  2nd  molar,  hamster  18  months,  de* 

calcifled  bucco-lingual  section,  5  g  neutral  formol  flxation,  MacOallum-iiram,  XIOOO:  illustrating 
the  break  in  the  cuticle  and  spread  of  ndcroorganisms  In  the  enamel.  A,  intact  organic 
cuticle;  B,  disintegrated  organic  cuticle;  C,  enamel  matrix;  D,  coccoldal  organisms  in  the 
enamel. 
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The  plaque  of  the  gingival  sulcus,  which  was  principally  composed  of 

keratinized  epithelial  cells  and  remnants  of  the  enamel  organ,  was  heavily 

infiltrated  with  microorganisms.  This  observation  may  throw  some  additional 

light  on  the  occurrence  of  caries  lesions  in  the  hamster,  as  observed  by  King.* 
He  reported  that  the  lesions  arose  in  the  cementum  and  entered  into  the  enamel 

by  the  way  of  the  dentin. 

In  the  dentin  organisms  were  observed  to  penetrate  directly  from  the  sur¬ 

face,  apparently  extending  along  the  lateral  walls  of  the  tubules  to  the  pre¬ 

dentin.  This  occurrence  resembled  that  observed  by  Keyes'  in  the  hamster  and 

Frisbie,  Nuckolls  and  Saunders’  in  the  human  being. 

Kig.  19. — Animal  C,  Molar  4,  distal  fossa,  mandibular  2nd  molar,  hamster,  18  months, 
decalcifled  bucco-lingrual  section,  5  m  neutral  formol  flxation,  Gram-Weigert,  XlOOO;  illustrating 
the  microorganisms  in  the  enamel  matrix.  A,  enamel  matrix;  fi,  coccoidal  organisms. 

The  organisms  of  the  plaques  were  predominately  cocci  and  thread  forms, 
while  tho.se  seen  in  the  organic  tracts  of  the  enamel  and  the  dentin  were  cocci. 

The  studies  of  Hurst,  Frisbie,  Nuckolls  and  Marshall*  on  actinomycetes  re¬ 
covered  from  the  tooth  surtaces  of  Ixith  hamsters  and  human  beings  indicate 

that  these  organi.sms  are  highly  pleomorphic  and  may  appear  in  culture  both  as 
cocci  and  threadlike  structures.  The.se  studies  have  shown  that  pure  strains  of 

actinomycetes  will  produce  microscopic  carieslike  lesions  in  vitro  when  unerupted 

ham.ster  molars  are  infected  with  the  organisms.  When  they  invade  these  teeth, 

they  sometimes  assume  the  coccoidal  form. 

While  a  histological  study  portrays  only  an  alteration  in  structure,  it  seems 
reasonable  to  assume  that  the  very  early  phases  of  caries  in  the  hamster, 

especially  of  the  enamel,  are  first  concerned  with  an  enzymatic  breakdown  of 

the  organic  structure.  This,  in  turn,  may  liberate  organic  acid  capable  of  a 
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demineralization  of  the  inorganic  constituents  as  suggested  by  Atkinson  and 

Matthews.*  This  mechanism  could  provide  for  the  extension  of  the  disease  which 
ultimately  results  in  cavitation. 

SUMMARY 

A  histological  study  of  the  organic  matrix  of  the  enamel  and  dentin  of  a 
limited  number  of  the  teeth  of  the  Syrian  hamster  indicates  that  the  early  phases 

of  the  disease  of  caries  may  be  associated  with  the  early  breakdown  of  the  or¬ 
ganic  component  of  the  structure.  In  this  respect  caries  in  the  hamster  seems 
to  be  similar  to  that  in  the  human  being.  This  mechanism  includes  the  presence 

of  organisms  in  the  plaque,  the  breakdown  of  the  organic  cuticle  followed  by  the 
invasion  of  coccoidal  organisms  into  specific  tracts  in  the  enamel  and  along  the 
lateral  walls  of  the  dentinal  tubules.  This  early  phase  of  caries  of  the  lamellae 

precedes  the  formation  of  open  cavities,  is  microscopic  in  nature  and  can  be 

observed  only  by  histological  methods. 
It  is  postulated  that  the  early  extension  of  the  disease  process  is  concerned 

with  an  enzymatic  breakdown  of  the  organic  matrix  together  with  the  presence 
of  an  acid  which  would  produce  a  demineralization  of  the  apatite  lattice  of  the 
enamel. 
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ARTIFICIAL  DENTAL  CARIES 

Preliminary  Report 

F.  C.  BESIC,  D.D.S. 

From  the  Jiio-Chcmuttry  Laboratory  of  the  Walter  G.  Zoller  Memorial  Dental  Clinic, 

University  of  Chicago,  Chicago,  III. 

Many  investi^atoi-s’**''  have  demonstrated  in  vitro  earieslike  dental  changes in  extracted  human  teeth  exposed  to  media  containing  bacteria.  Some 

reports**  **’  show  the  preservation  of  surface  contour  during  the  earlier  stages 
of  artificial  caries.  The  essential  feature  of  the  experiment  reported  here  is 

the  in  vitro  production  of  a  change  in  the  tooth  having  a  number  of  charac¬ 

teristics  indistinguishable  from  those  observed  in  early  clinical  caries.  These 
characteristics  are: 

1

.

 

 
Normal  surface  contour  and  gloss; 

2

.

 

 
Pigmentation  of  the  affected  areas ; 3

.

 

 

Radiographic  rarefaction  extending  through  the  enamel; 

4

.

 

 

Softening  of  the  enamel  (as  determined  by  pressure  with  a  dental 

exjilorer)  
; 

5

.

 

 

Spreading  of  the  process  at  the  dentinoenamel  junction. 

EXPERI.MENT.VL 

•  Three  premolar  teeth  (Fig.  1,  A,  B,  and  V)  from  different  patients  were 

used.  A  is  from  a  35-year-old  woman  with  rampant  caries;  H  is  from  a  50-year- 

old  man  .showing  immunity  to  caries;  and  V  (showing  characteristic  mottling) 

is  from  a  36-year-old  woman  who  was  born  and  reared  in  a  region  of  endemic 
fluorosis  and  exhibits  few  carious  lesions. 

The  teeth  were  mounted  together  in  one  block  of  modeling  compound 

(Fig.  1)  and  then  covered  with  sticky  wax  excejit  for  small  areas  on  the 

proximal  and  buccal  surfaces. 

One  cubic  centimeter  of  fre.sh  unstimulated  saliva,  from  a  35-year-old 

18 
man  (I).M.F.  index  .— )  exhibiting  apparently  no  active  carious  lesions,  was 

added  to  a  mixture  of  KM)  c.c.  of  Herewer’s  medium  supplemented  with  2  Gm. 
of  bacto-dextrose. 

The  block  containing  the  three  teeth  was  immerseiT  in  the  mi.xture  and 

incubated  at  37°  ('.  After  24  hours  of  incubation  pll  reailings  ranged  from 
4.3  to  5.0.  The  mixture  was  renewed  weekly  and  the  experiment  was  con¬ 
tinued  in  this  manner  for  six  months. 

Fig.  2  shows  an  x-ray  film  and  photographs  of  the  teeth  at  the  conclusion 
of  the  experiment.  Radiographic,  typical  carieslike  penetration  throughout 

the  enamel  is  seen  in  teeth  A  and  H.  Tooth  C  (mottled  enamel)  .shows  .shallow 

and  less  typical  rarefaction.  The  photographs  show  that  surface  continuity  and 

surface  gloss  are  preserved  except  in  the  buccal  areas  which  W'ere  pierced  with 

Keceivetl  for  publication  April  16,  1951. 

708 
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KIk.  1. — Top  row  ahowa  x-ray  negative  of  teeth  at  start  of  experiment.  Middle  and 
bottom  rowa  are  photographs  of  teeth  at  start  of  experiment.  Column  .4  shows  views  of  tooth 
from  patient  with  rampant  carles :  Column  H  shows  views  of  tooth  from  patient  immune  to 
carles ;  Column  C  shows  views  of  tooth  from  patient  with  mottled  enamel. 
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Fig.  2. — Top  row  shows  x-ray  negative  of  teeth  at  the  conclusion  of  the  experiment. 
(Note  rarefaction  on  approximal  surfaces.)  liottom  row  shows  pigmentation,  intact  surface 

ntour  ahd  gloss.  Middle  row  shows  buccal  “lesions'’  in  teeth  B  and  C.  The  buccal  region 
tooth  C  was  pierced  with  an  explorer  to  show  softened  enamel.  The  buccal  area  In  tooth 
was  excavated  to  show  softened  dentin  and  spreading  at  the  dentinoenamel  Junction. 
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a  dental  explorer  to  denote  softening  ot  the  tooth  substance.  The  color  of  the 

affected  areas  is  grayish  brown.  The  excavation  of  the  buccal  region  of  tooth 

('  showed  the  dentin  to  be  soft,  leathery,  and  discolored  (dark  brown).  The 
softened  dentin  spread  at  the  dentinoenamel  junction  undermining  the  un¬ 
affected  enamel. 

SUMMARY 

Phenomena  indistinguishable  in  pattern  from  clinical  caries  have  been  pro¬ 
duced  in  vitro  in  three  human  teeth. 

REFERENCES 

1.  Miller,  W.  D.:  Die  Microorganismen  der  Mundhdhle,  Leipzig,  G.  Theime,  1908. 
2.  Bunting,  R.  W.,  and  Palmerlee,  F.:  J.  A.  D.  A.  12:  381,  1925. 
3.  Osborn,  T.  W.  B.:  J.  D.  Res.  20:  59,  1941. 
4.  Hammond,  C.,  and  Tunnicliff,  R.:  J.  D.  Res.  19:  1,  1940. 
5.  Rodriguez,  F.  E. :  Military  D.  J.  5:  199,  1922. 
6.  Maclean,  I.  H.:  Brit.  D.  J.  48:  579,  1927. 
7.  Clarke,  J.  K.:  Brit.  J.  Exper.  Path.  5:  141,  1924. 
8.  McIntosh,  J.  J.:  Brit.  D.  J.  42:  728,  1922. 
9.  Dietz,  V.  H.:  ,7.  D.  Res.  22:  423,  1943. 

1
0
.
 
 

Hurst,  V.,  Frisbie,  H.  E.,  and  Nuckolls,  J.:  Science  107:  42,  1948. 



HISTOLOGICAL  FINDINGS  IN  THE  SALIVARY  GLANDS  OF  THE  RAT 

FOLLOWING  SODIUM  FLUORIDE  ADMINISTRATION 

ALFRED  L.  OOn^VIE 

School  of  Dentistry,  University  of  Washington,  Seattle,  Wash. 

The  influence  of  fluorine  upon  the  living  body  has  been  the  subject  of  much study,  DeEds,’  Greenword,^  Roholin,®’  *  and  Sollmann,®  have  reviewed  ade¬ 
quately  the  occurrence,  distribution,  and  major  chemical  characteristics  of  the 
element  and  the  salts  of  which  it  forms  a  part. 

Sodium  fluoride  is  sharply  contrasted  to  most  other  salts  of  hydrofluoric 

acid  because  of  its  marked  solubility  in  water*  and  it  is  characterized  by  almost 

complete  dissociation.'  Furthermore,  a  direct  relationship  between  fluoride 
solubility  and  toxicity  has  been  confirmed  by  recent  studies.®  When  administered 
in  solution,  even  the  less  soluble  fluoride  salts  arc  readily  absorbed.  It  follows 

logically  that,  to  a  certain  extent,  absorption  is  dependent  upon  aqueous  solu¬ 

bility.® 
Special  significance  must  be  attached  to  the  biochemical  characteristics  of 

the  fluorides.  The  majority  of  investigators  conclude  that  absorbed  fluorides 

act  primarily  upon  the  enzymatic  systems  of  the  lx)dy.®’ "  Some  enzymes, 
such  as  lipase'®  and  the  esterases,  are  markedly  inhibited,  while  salivary  amylase 

and  the  proteolytic  enzymes  are  but  slightly  sensitive.^* The  reviews  of 
McClure'^  and  Sollmann,®  and  the  studies  of  Handler,'®  and  Kaplan  and  Green¬ 

berg'®  .stress  the  powerful  inhibitory  effects  of  fluorides  upon  carlwhydrate  metab¬ 
olism.  Phosphorylating  and  dephosphorylating  mechanisms  concerned  in  the 

breakdown  of  glycogen  and  in  the  oxidation  of  glucose  are  specifically  inhib¬ 

ited.®’  '®  The  effect  is  due,  firet,  to  a  depression  of  the  enzyme  enolase  that 

converts  2-phosphoglyceric  acid  into  2-pho.si)hopyruvic  acid.®  A  second  inhibi¬ 
tory  action,  involving  the  coenzyme  adenosine  triphosphate  occurs  at  the  same 

time.'®’  "’  '® The  enzyme  systems  controlling  tissue  respiration  do  not  escape  damage. 

Even  moderate  doses  of  fluoride  have  been  noted  to  produce  diminished  respira¬ 

tion  in  tis.sues'®’ ®*  and  a  decrease  in  both  the  consumjqion  and  CO,  produc¬ 
tion  of  the  intact  animal.®'  Borei®®  has  suggested  that  the  fluoride-sensitive  link 
in  the  respiratory  chain  lies  in  the  cytochrome  system.  The  decrease  in  liver 

e>^ochrome  oxidase  of  animals  (chronically  poisoned  by  fluoride),  as  noted  by 

Phillips  and  Chang,®®  adds  strength  to  this  argument. 
A  definite  modification  of  calcium  and  phosphorus  metabolism  occurs  as  a 

result  of  fluoride  intake.  Negative  calcium  balance®  and  decreased  retention  of 
calcium  and  phosphorus®’  ®*  appear  of  consequence.  The  diminution  of  blood 
calcium  which  is  characteristic  of  fluoride  toxicosis  can  be  assumed  to  stem  in 

part  from  the  removal  of  fluoride  as  insoluble  CaF,.®’  ®®  Calcium  injection  gives 

an  antagonistic  effect  in  such  instances  through  defluoridation.®  However,  CaFj 
precipitation  does  not  provide  the  entire  reason  for  the  observed  changes,  nor 

explain  fluoride  toxicity.  The  fact  that  calcium  injection  during  fluoride  poison- 

Receivfed  for  publication,  April  25.  1951. 
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ing  will  not  correct  the  calcium  deficiency®  points  to  a  concomitant  disturbance 
of  enzyme  function. 

Present  knowledge  of  the  mechanisms  involved  in  fluoride  intake  storage 

and  excretion  is  quite  incomplete.  Machle  and  his  co-workers  emphasize,  first, 
tliat  when  intake  plus  absorption  does  not  exceed  a  certain  low  level  there  is 

an  e(iuilibrium  between  intake  and  output;  second,  that  skeletal  storage  of  fluo¬ 
ride  is  superimposed  upon  urinary  excretion  at  higher  chronic  levels  of  intake; 
third,  that  the  amounts  stored  and  excreted  vary  directly  with  the  amounts 

absorbed.®’ 
Although  detailed  clinical  and  epidemiological  reports  of  the  dental  effects 

of  fluoride  intake  are  already  available,^’'®'’  information  as  to  the  sites  of  action 
and  nondental  effects  of  fluorides  is  incomplete.  In  particular,  histologic  studies 

of  viscera  after  acute  fluoride  intoxication  are  si)arse.  Roholm's  review®  de¬ 
scribes  “islands”  of  incipient  necrosis  in  the  liver,  as  well  as  renal  hemorrhage, 
inflammation  and  tubular  degeneration,  after  acute  toxicosis.  The  profuse 

siilivation  almost  synonymous  with  very  acute  toxemia®’  is  well  known.  Despite 
this,  significant  histological  change  in  the  salivary  glands  has  not  been  reported®-  ®* 

MATERIAL  AND  PROCEDIRE 

Two  groups  of  rats  of  the  Long-Evans  strain  were  studied,  each  group  con¬ 
sisting  of  ten  experimental  and  five  control  animals.  The  two  groups  were 

designated  as  “acute”  and  “chronic,”  based  on  the  duration  of  the  experimental 
period  and  amount  of  sodium  fluoride  administered.  Rats  of  the  acute  ,'roup 

wore  49  days  old  at  the  onset  of  injections,  those  of  the  chronic  group  52  da\*s 

old.  All  rats  received  a  modified  McPollum’s  diet.  Animals  of  l)oth  groups 
were  weighed  at  frequent  intervals  throughout  the  experiment. 

The  intra peritoneal  route  of  injection  was  selected  because  it  permits  an 

efficient  absorption  of  salts  from  the  peritoneum  and  also  produces  less  local 

tissue  destruction  than  does  injection  elsewhere.  Feeding  of  the  agent  would 
not  have  permitted  accurate  determination  of  the  dosage. 

A  preliminary  experiment  was  conducted  to  determine  tolerance  of  NaF 

and  the  dosage  levels.  The  dosage  employed  by  Schour  and  Smith®*  (0.3  e.c. 
of  2.5  j)er  cent  acpieous  NaF)  was  lethal  in  these  younger  animals.  However, 

when  virtually  the  same  total  amount  of  salt  (6.9  mg.  vs.  Schour *s  7.5  mg.) 
was  administered  in  isotonic  solution,  it  was  tolerated.  The  initial  dose  for  the 

acute  group  was  therefore  at  this  level,  and  subsequent  daily  (for  15  days) 
injections  of  the  isotonic  solution  were  varied  in  volume  to  maintain  the  rats  in 

a  state  of  acute  toxicosis  (Table  I).  The  chronic  group  received  injections  of 
the  isotonic  solution  on  alternate  days  and  in  lower  volumes  continuing  for  100 

days  (Table  II).  Controls  in  each  group  received  injections  of  physiologically 
isotonic  sodium  chloride  solution  in  volumes  e«}ual  to  those  given  the  experimental 

rats.  By  injecting  at  different  imints  in  the  same  general  area  at  the  same 
intervals  of  time,  it  was  possible  to  obviate  differences  in  reaction  which  might 
have  biased  the  results.  Varying  amounts  of  the  solutions  were  administered 

as  the  experimental  period  advanced,  in  order  to  produce  the  desired  toxicosis 

and  yet  maintain  all  ])ossible  animals  alive.  No  attempt  was  made  to  vary  the 

dosage  of  solution  with  changes  in  the  animal’s  weight. 
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The  autopsy  of  animals  in  each  group  was  conducted  u|)on  the  last  day  of 

injections. 

Portions  of  the  three  glands  were  fixed  in  Bouin’s  solution.  Duplicate 
fixation  of  the  submaxillary  and  sublingual  gland  tissues  with  Zenker-formol  was 
carried  through  in  order  to  preserve  more  satisfactorily  the  granule  content  of 

the  individual  acinar  cells.  All  tissues  were  embedded  and  sectioned  in  nitro¬ 

cellulose  at  7  micra  thicknes.s.  Iron  hematoxylin-aniline  blue’*  was  used  to  stain 
the  sections  of  the  parotid  gland,  while  iron  liematoxylin-aniline  blue-methyl 
green  was  employed  in  the  case  of  the  submaxillary  and  sublingual  glands.  This 

latter  stain  permitted  a  far  more  accurate  study  of  the  mucous  alveoli.  A 

modified  Mallory-azan  stain®^  was  also  used  upon  sections  of  the  submaxillary 
and  sublingual  glands. 

Several  unique  anatomical  features  of  the  rat  have  a  bearing  upon  this 
study  and  should  therefore  be  mentioned  at  this  point:  (a)  the  major  sublingual 

gland®®  is  in  extremely  close  apposition  to  the  submaxillary,  lying  within  the 
same  outer  connective  tissue  capsule;  (b)  the  serous  cells  of  the  submaxillary 

gland®®  fall  into  two  groups;  those  of  the  first  group  contain  large  highly  refrac¬ 
tive  granules  which  are  easily  fixed  by  Zenker-formol  and  stain  deeply  with 
hematoxylin.  These  cells  will  be  referred  to  hereafter  in  the  paper  as  Type  1 
cells.  Stormont  found  them  to  lie  in  terminal  segments  of  the  intralobular  ducts. 

The  second  group  (Type  2  cells)  whose  secretion  granules  are  scarcely  seen  in 

Zenker-formol  fixed  material,  are  the  clear  or  tropochrome  cells®^’  ®®  (Fig.  5  B). 
The  submaxillary  gland  is  of  the  pure  albuminous  or  serous  type.®® 

Table  I 

Injections  of  Solutions  Into  Acute  Group  Animals  (Control  and  F-Injected) 

DAY 

1  1 

1  2 

Kl 

4  1 

1  5 

1  6  1 

7  1 

8  1 

9  1 

1  10  1 

11  1 

12  1 

13  1 

14 

1  15 

Volume  injected 0.8 0.8 
1.0 

1.0 1.0 1.0 1.2 1.2 

1.0 

1.2 

1.2 

1.2 

1.2 1.2 1.2 

('umulative  vol¬ 
ume  injected 

j
 
 

0.8
 

1.6 
2.6 

3.6 
4.6 5.6 

6.8 

8.0 9.0 

10.2 11.4 12.6 13.8 15.0 16.2 

Each  control  and  each  experimental  animal  received  the  same  volume  of  its  respective 
solution  on  a  gdven  day.  Therefore,  the  total  volume  of  Isotonic  NaCl  absorbed  by  a  control 
animal  equaled  that  of  the  isotonic  NaF  absorbed  by  an  experimental  animal. 

RESULTS 

Gross  Examination  of  Animals. — A  total  of  seven  fluoridized  animals  did 

not  survive  the  entire  injection  periods.  Total  weight  gains  of  fluoride-injected 
animals  were  lower  than  those  of  the  controls  on  saline,  but  the  differences  in 

weight  increase  were  not  statistically  significant  (Table  III).  The  experimental 
animals,  as  examined  at  autopsy,  resembled  the  controls  in  gross  appearance  and 

in  the  macroscopic  structure  of  their  organs.  Approximately  one-half  of  the 
fluoride-injected  animals  of  both  groups  showed  skin  lesions  at  the  injection  site. 
The  classic  gross  effects  of  fluorine  upon  enamel  substance  were  noted,  but  not 
in  constant  degree. 

Microscopic  Examination  of  Organs. — 
Parotid  gland: — Analysis  of  the  parotid  gland  was  made  from  separate 

tissue  sections  stained  by  the  I.H.A.B.  and  modified  Mallory-Azan  procedures. 
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Table  11 

Injections  of  Solvtions  Into  Chronic  Group  Animals  (Control  and  F-Injected) 

VOLUME  OP  SOLUTION INJECTED 

F-INJECTED  ANIMALS 

CONTROL b45,  gh16,  b32, 
DAY ANIMALS oh50,  bh38  wl3 b68  g51 

gh17 

gh66 o 
.5 

.5  .5 .5  .5 

.5 .5 

4 1 .5  1 1  1 1 1 
() 1 .5  1 1  1 1 1 
8 1 1  1 1  1 1 1 

10 1 1  1 1  1 1 1 
12 1 1  1 1  1 1 1 

14 1 1  1 1  1 1 1 
16 1 1  1 1  1 1 1 
18 1 1  1 1  1 1 1 
20 1 1  1 1  1 1 1 

22 1 1  1 1  1 1 1 

24 1 1  1 1  1 1 1 

26 1 1  1 1  1 1 1 

28 1 1  1 1  1 1 1 

30 1.0 1.0  1.0 1.0  1,0 1.0 1.0 
32 1 1  1 1  1 1 1 
34 1 1  1 

1  1 
1 1 

36 1 1  1 D  1 1 1 

38 1 1  1 1 1 1 
40 1 1  1 1 1 1 
42 1 

1 
1  1 1 1 

1 

44 1 1  1 1 1 

46 1 1  1 1 1 1 
48 0.6 0.6  0.6 D D 0.6 

50 
0.6 0.6  0.6 D 

52 0.8 0.8  0.8 
54 0.8 0.8  0.8 

56 0.8 0.8  0.8 

58 1.0 1.0  1.0 
60 1 1  1.0 
62 1 1  1 
64 1 1  1 
66 1 1  1 
68 1 1  1 

70 1 1  1 

72 
0.9 0.9  0.5 

74 0.9 0.9  0.9 

76 0.9 0.9  0.9 
78 1.0 1.0  0.9 
80 1.0 1.0  0.9 
82 1.2 

1.2  1.2 
84 1.2 1.2  1.2 
86 1.4 1.4  1.4 
88 1.6 1.6  1 

90 1.4 1.4  1 
92 1 1  1 
94 1 1  ! 
96 1 1  1.0 
98 1 1  1 

100 1 1  1 

Total 45.1 45.1  43.1 10.0  16.0 16.0 16.6 

volume 

All  volumes  are  expressert  in  c.c. 

Vertical  broken  line  indicates  the  same  volume  on  successive  days. 

“D”  sifirnifles  that  the  animal  died  on  that  day. 



716 OGILVIE J.  D.  Res. October.  1951 

Controls  of  the  acute  group  were  compared  to  controls  of  the  chronic  groups  and 

the  experimental  tissues  of  both  groups  were  contrasted.  It  was  found  that 

alveolar  cells  of  acute  group  control  animals  (as  compared  to  chronic  group 
control  animals)  gave  evidence  of  greater  mitotic  division  (Table  IV).  On  the 
other  hand  alveolar  cell  nuclei  were  sisrnificantly  increased  in  size  throughout 

the  parotid  glands  of  the  older  chronic  group  animals,  control  and  experimental 

(Figs.  1  and  2).  The  index  of  significance*  for  the  chronic  group  controls  (as 
contrasted  to  the  acute  group  controls)  was  5.2.1  and  for  the  experimental 
animals  5.24  (Table  V). 

ST.VTISTU'.VI,  MKTHODS  KMri.OYED 

1
.
 
 

In  the  case  of  all  data,  the  arithmetic  mean,  standard  deviation  and  standard 

error  of  the  mean  were  calculated. 

Symbols 

M  arithmetic  mean  of  ob.servations 

=  “the  Hum  of” 
X  =  tlie  value  of  an  imlivitlual  observation 

n=:the  total  numlK*r  of  obserNatiims 
Uz=the  deviation  of  an  individual  observations  from  the  mean 
sz=  standard  deviation 

Su  =  standard  error  of  the  mean 

Formulae 

Arithmetic  mean _ 

Standard  deviation  _ 

Statidard  error  of  the  mean 

i:x 

n 

s 

V  « 

2

.

 

 

The  standard  errors  were  corrected  by  applying  the  correction  factor  of 

PearF* 
Correction  factor  . 

3

.

 

 

Statistical  
significance 

Te.st  of  the  statistical  significance  of  the  difference  between  two  means  was 
made  as  follows :  If  the  ratio  of  the  difference  between  the  means  to  the  standard 

deviation  of  the  difference  was  edual  to  or  greater  than  3,  then  it  was  assumed 

that  the  difference  between  the  means  was  due  to  something  other  than  chance 
or  random  selection  of  animals. 

4

.

 

 

References:  Barlow,*®  Dunlap  and  Kurtz, 
PcarP* 

•The  explanation  of  statistical  methods  in  statistical  methoils  employed. 
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Table  III 

Weight  Changes  in  the  Sodium  Fluoride-Injected  Animals* 

1 
WEIGHT OF  THE  ANIMALS IN  grams 

1  START  OF 

THE  EXPERIMENT END 
OF  THE 

EXPERIMENT 

EXPERIMENT GROUP 

1  .M  ± 

1  * 

1  INDEX*  1 

M  ± 

1 s 

1  INDEX 

Acute Control 

F  injected 

1153.5 
159.7 

18.41 3.7 41.18 
10.47 

0.203 234.8 
203.0 

18.38 

13.08 

41.12 

34.64 1.41 

Chronic Control 

F  injected 

160.0 
178.4 

16.08 
7.16 

27.96 
20.28 

1.04 
.395.4 

.385.8 31.03 

7.61 

62.19 

17.33 0.30 

•Index  =  index  of  statistical  significance  (Page  716). 

The  second  phase  of  parotid  gland  examination  consisted  of  a  comparative 

study  of  sections  from  experimental  and  control  animals  of  the  acute  and  chronic 

groups  (Figs.  3  and  4).  The  parotid  glands  of  Huoride-injected  animals  of  both 
groups  contained  a  greater  number  of  ducts  than  did  the  glands  of  control 
animals,  although  the  increase  was  less  in  the  acute  group.  The  indices  of 

significance  were  1.35  (acute  group)  and  2.08  (chronic  group),  neither  of  these 
indices  being  strongly  positive.  Mitotic  division  of  alveolar  cells  was  more 

Tabf^e  IV 

Parotid  Glands:  Cell  Mitosis  Count  in  Acinar  Tissue 

CONTROL 

F-INJECTED  1 

NO. 
■■■■ 

NO.  1 

OF 

OF EXPERI- 

ANI- MITO- 

ANI- 
MITO- 

MENT MAL SES 1+ 
MAL 

SES 

M  ±  Jv 

IBI 
INDEX 

BII21  1.1 
BllOi)  36 G69 

5 
.\cute GIIOO 2 GH04 

10 

B7.3 1 
G96 100 

28.16  ±  15.1  33.8 1.91 

W96 1 1.33  ±  .00.32  .0046 
1125 5 

W1.3 

.3 

1145 

17 

1172 0 GH16 

18 Chronic G57 1 ..3.3  ±  .21  .469 1132 13 15.33  ±  2.725  6.599 5.49 
G87 0 

G1I50 
16 RH38 
25 Acute 1.3.3  ±  .0032  .0046 

22.7 
Chronic .3.3  ±  .21  0.469 

Acute 28.16  ±  15.1  33.8 
0.83 

Chronic 15.,33  ±  2.725  6.599 

The  totHiH  In  coUiinns  3  and  7  Indicate  the  nuntlter  of  mitotic  alveidar  cells  visible  In 
ten  high  jKiwer  fields  (Ocular  lOX,  Objective  tOX.  Magnification  400)  of  each  slide. 

prevalent  in  experimental  glands  of  both  groups  (Table  IV)  but  was  significant 
only  for  the  cells  of  the  chronic  group  experimental  tissues  (index  5.49). 

Similarly,  the  nuclei  of  the  alveolar  cells  were  larger  in  the  experimental  animals, 

especially  in  those  (Table  V)  of  the  chronic  group  (index  9.74).  Alveolar  cell 

cytoplasm  of  the  intoxicated  animals  showed  evidence  of  change.  Many  cells 

did  not  illustrate  normal  uniformity  of  cytoplasmic  staining,  t'lear  unstaineil 
cinnilar  areas  were  often  visible  within  the  cells. 
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Five  additional  observations  which  served  to  distinsruish  experimental 

tissues  were  made  durin"  the  parotid  “[land  analysis:  (1)  the  cell  membranes  of 

alveolar  cells  lost  their  normal  clarity;  (2)  the  separation  of  alveoli  increased; 

(3)  the  amount  of  intralobular  connective  tissue  seemed  to  show  a  corresponding 

increment;  (4)  the  size  of  individual  alveoli  decreased;  (5)  the  experimental 

sections  stained  by  the  modified  Mallory-Azan  procedure  contained  more  promi¬ 
nent  acido|)hilic  granules  and  more  granules  per  individual  cell. 

The  differences  between  exi)erimental  and  control  material  reported  in  the 

preceding  j)aragraph  are  the  least  conclusive,  and  may  not  be  the  result  of 

experimental  conditions  imjwsed.  Nevertheless,  the  fact  remains  that  they  were 

points  of  interest  generally  noted. 

Submasillary  gland: — Certain  concrete  differences  distinguished  the  gland¬ 
ular  tis.sue  of  the  acute  group  animals  from  that  of  the  older  chronic  group 

(Figs,  f)  and  6).  Ducts  of  interlobu’ar  and  intralobular  type  were  more  numer¬ 
ous  in  the  glands  of  the  acute  group  (Table  VI).  An  index  of  2.8  suggests  a 

probably  significant  diffei'cnce.  On  the  other  hand,  the  older  chronic  group 
controls  have  Tyi)e  1  cell  alveoli  of  greater  nund)er  and  size.  The  secretion 

granules  in  Type  1  cells  took  the  acidophilic  stain  more  deeply  in  sections  cut 

from  glands  of  the  chronic  group.  These  constant  differences  may  stem  from  a 

modification  of  structure  as  the  animal  age  increases. 

Ol>st‘rvations  of  change  in  the  experimental  submaxillary  tissues  lend  them¬ 
selves  to  summary  (Fig^i.  6  and  8).  There  was  a  marked  and  significant  increase 

in  the  numl)er  of  Type  1  cell  alveoli  per  unit  area  in  chronic  group  experimentals 

as  compared  to  the  controls  (Table  VII).  Within  the  acute  group  alone  an 

increased  alveoli  count  was  noted  for  the  expirementals,  but  this  was  not  con¬ 

clusive.  Only  Tyi)e  2  alveolar  cells  demonstrated  evidence  of  mitosis.  The 

number  of  mitotic  cells  did  ai)pear  noteworthy  in  the  experimental  material  of 

the  chronic  group,  siries  3.*  (Index  3.4).  Otherwise  the  evidence  of  increased 
mito.sis  lacked  an  entirely  conclusive  nature  (Table  VIII).  Type  2  cells  of 

chronic  grouj)  experimental  animals  showed  further  modified  characterLstics. 

They  were  more  compressed  between  the  aheoli  of  Type  1  cells.  Their  alveoli 

were  smaller  general'y  and  more  irregular  in  size  and  arrangement.  The  cyto¬ 
plasm  of  some  cells  lacked  uniformity  of  staining  and  contained  vacuoles.  Not 

•The  different  serieii  are  explained  in  Table  VI. 

Kig.  1. — Parotid  gland,  control,  chronic  exp«;riinent.  stain  X400.  Note  (1) 
absence  of  mitotic  division  in  alveolar  cells;  (2»  normal  aopearance  of  cell  nuclei,  cytoplasm, 
and  cell  niembranes ;  (3)  compactness  of  alveoli:  (4)  small  amount  of  interlobular  connective 
tissue. 

Kig.  2. — Parotid  gland,  sodium  fluoride,  chronic  experiment.  l.H.A.B.  stain  X400.  Note 
the  evidences  ( A,  H,  and  C )  of  cytoplasndc  change  and  possible  degeneration  in  alveolar 
cells.  In  comparison  with  the  gland  of  a  control  animal  ( KIg.  1.)  observe  (1)  increase<l 
mitosis  of  alveolar  cells;  (2)  increase  in  average  size  of  alveolar  cell  nuclei;  (3)  apparently 
increased  separation  of  alveoli  and  amount  of  intralobular  connective  tissue.  A,  Alveolar 
cell  nucleus  of  increased  size.  B,  Alveolar  cell  cytoplasm  irregularly  stained.  C,  Alveolar 
ceils  lacking  distinct  membranes.  U,  Mitotic  division  of  an  alveolar  cell.  E,  Clear  unstained 
area  in  an  alveolar  cell. 

Kig.  3. — Parotid  gland,  control,  acute  experiment.  I.H.A.K.  stain  X400.  Observe  the 
liomogeneous  appearance  of  the  cell  cytoplasm,  tiie  prominence  of  the  cell  membranes,  and  the 

absence*  of  mitosis. 

Kig.  4. — Parotid  gland,  sodium  fluoride,  acute  experiment.  I.H.A.U.  stain  X400.  Note 
the  evidences  of  experimentally  produced  change  In  the  alveolar  cells.  A,  Cell  nucleus  of 

unusually  large  size.  H,  I'nstained  vacuole-like  area  in  an  alveolar  cell.  C,  Mitotic  division. 
D,  Irregular  staining  of  cytoplasm. 
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only  did  the  nuclei  of  separate  cells  present  outlines  which  were  often  less  well 

defined  but  also  in  many  cells  the  nuclei  were  enlarged  and  of  irregular  shape. 

It  was  in  the  latter  cells  that  the  cytoplasm  was  of  the  most  irregular  character. 

Type  2  cells  of  the  acute  group  exhibited  to  a  lesser  degree  all  the  changes  just 
reported  with  the  exception  that  their  close  compression  between  the  alveoli  of 

Type  1  cells  was  undetectable. 

Suhlingxiai  gland: — The  I.H.A.B.-JMethyl  green  stain  was  used  as  a  specific 

means  of  studying  the  mucous  cells  of  this  gland.  Mallory-Azan  staining 
provided  a  further  aid  in  the  distinction  of  mucous  substance. 

No  evidence  of  histological  change  was  detected  in  the  glands  of  the  experi¬ 

mental  animals  of  one  group  (acute  or  chronic)  as  compared  with  (a)  the  con¬ 
trols  of  the  same  group  or  (b)  the  control  and  experimental  glands  of  the  other 

group. 
DISCISSION 

There  is  general  agreement  upon  the  fact  that  the  growth  curve  of  young 

animals  is  a  sensitive  index  of  the  existence  and  degree  of  chronic  fluoride  intoxi¬ 

cation.®’  **  The  loss  of  weight  attending  fluoride  absorption  varies  (depending 
on  dosage)  from  a  slight  reduction  to  a  rapid  decline  which  continues  until 

death.® 
The  lack  of  truly  significant  e\’idence  of  weight  decline  among  surviving 

experimental  animals  (Table  III)  weakens  the  value  of  the  present  study. 

Despite  their  age  uniformity,  individual  members  of  each  group  differed  widely 
in  their  initial  weight,  yet  the  same  volumes  of  solution  were  administered  to 
each  animal  throughout  the  experiment.  Exact  correlation  of  body  weight  and 
sodium  fluoride  intake  was  therefore  never  achieved. 

It  is  very  difficult  to  produce  in  an  entire  group  of  animals  the  weight  loss 
and  cachexia  of  fluoride  poisoning  and  still  keep  all  the  animals  alive.  The 

death  of  some  experimental  rats  together  with  the  steady  weight  increase  of 

others  proves  this  point.  Evidently  a  wide  range  of  susceptibility  to  fluoride 

exists,  not  only  where  actual  survival  is  concerned,  but  also  with  reference  to 

change  in  particular  tissues.  The  varied  degrees  of  mottled  enamel  which  were 

Fig.  5. — Submaxillary  grland,  control,  acute  experiment.  I.H. A. B. -Methyl  green  stain 
X400.  Note  (1)  comparative  uniformity  of  cytoplasmic  staining  in  Type  2  cells;  (2)  regular 
size  of  Type  2  cell  nuclei ;  ( 3 )  proportion  of  Type  1  cell  alveoli  to  alveoli  made  up  of  Type  2 
cells.  A,  Alveolar  cell.  Type  1.  B,  Alveolar  cell.  Type  2. 

Fig.  6. — Submaxillary  gland,  sodium  fluori<ie.  acute  experiment.  I.H.A.B.-Methyl  green 
stain  X400.  Compare  with  Fig.  5.  Observe  (1)  the  altered  appearance  of  certain  Type  2 
cells,  and  (2)  the  increased  number  of  Type  1  cell  alveoli  per  unit  area.  A,  Type  1  cell 
alveolus.  B,  Alveolus  made  up  of  Type  2  cells  irregular  in  their  size  and  arrangement, 

C,  Type  2  celi  showing  vacuolation.  D,  Type  2  cell  showing  irregularity  of  cytoplasmic  stain¬ 
ing.  E,  Enlarged  nucleus  of  a  Type  2  cell. 

Fig.  7. — Submaxillary  gland,  control,  chronic  experiment.  I.H.A.B.-Methyl  green  stain 
X400.  The  arrangement  and  uniformity  in  size  of  Type  2  cell  alveoli,  as  well  as  the  homo¬ 
geneous  cytoplasm  and  distinct  cell  membranes  of  Type  2  alveolar  cells,  can  be  readily  observed. 
A,  Type  2  alveolar  cell.  B,  Type  1  alveolar  cell. 

Fig.  8. — Submaxillary  gland,  sodium  fluoride,  chronic  experiment.  I.H.A.B.-Methyl 
green  stain  X400.  Compare  with  the  gland  section  from  a  younger  experimental  animal 
(Fig.  6)  and  observe  the  greater  number  and  size  of  Type  1  cell  alveoli  in  the  adult  gland. 
This  difference  is  apparently  a  factor  of  age  alone.  Compare  with  Fig.  7  and  note  ( 1 )  the 
irregulaV.  size  and  arrangement  of  Type  2  cells  and  their  compression  between  Type  1  cells; 
(2)  the  smaller  average  size  of  Type  2  cells;  (3)  the  variations  in  the  size  of  nuclei  and 

appearance  of  the  cytoplasm  of  these  cells.  A,  Small  nuclei  of  compressed  Type  2  cells. 
B,  Abnormally  large  Type  2  cell  containing  enlarged  nucleus.  C,  Vacuolated  cytoplasm  of 
a  Type  2  cell. 

L 
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observed  bear  this  out.  Future  studies,  therefore,  should  be  made  on  the  basis 

of  a  dosage  level  correlated  to  animal  weijjht  throuf^h  the  entire  length  of  the 

experiment. 
Further  complicating  the  experimental  dosage  issue  is  the  evidence  of 

“adaptive  powers  of  the  organism  to  fluorine.”  Lawrenz,  Mitchell  and  Ruth^* 
mentioned  this  when  they  noticed  a  more  efficient  fluorine  elimination  in  rats 

over  lengthening  periods  of  fluorine  feeding.  Intraperitoneally-absorhed  fluoride 
must  be  excreted  in  large  measure  by  way  of  the  kidneys,  just  as  the  ingested 

salt  is  known  to  be.®’  It  would  seem  logical  to  assume,  therefore,  that  an 
adaptation  to  fluorine  exists,  partly  as  a  result  of  more  efficient  elimination,  when¬ 
ever  the  element  is  absorbed  continuously  at  low  levels. 

The  absence  of  inflammation  in  the  peritoneal  tissues  of  experimental 
animals  and  the  prevalence  of  lesions  at  the  injection  site  is  readily  explained. 
Often  it  was  not  possible  to  avoid  leakage  of  drops  of  fluoride  solution  from  the 

needle  tip  as  the  needle  i)enetrated  the  skin  and  subcutaneous  tissues.  Further¬ 
more,  while  extraneous  solutions  in  the  ])eritoneal  cavity  undergo  rapid  dilution 

with  peritoneal  fluid  and  are  quckly  absorbed,  subcutaneous  tissues  lack  a  rapid 
means  of  fluid  elimination.  Once  fluoride  ions  are  accidentally  introduced  into 

these  areas,  they  remain  to  exert  their  toxic  effects  at  close  range  for  some  time. 

The  differences  which  exist  between  parotid  gland  tissue  of  acute  group 
animals  as  compared  to  such  tissue. of  the  chronic  group  may  be  explained  on  the 
basis  that  the  gland  was  undergoing  development;  hence  the  numerous  mitotic 
cells,  the  small  cell  nuclei,  and  the  many  proliferating  ducts.  Such  features , 

w’ould  not  characterize  the  mature  glands. 
Significant  experimental  increases  were  recorded  in  the  number  of  mitotic 

alveolar  cells  of  the  parotid  glands.  This  observation  may  point  to  an  initial 

Table  V 

Parotid  Gland:  Size  of  Alveolar  Cei.l  Nuclei 

CONTROL 
F-INJECTED 

EXPERI¬ 
MENT 

ANI¬ 
MAL 

TOTAL 

AREA* 

M  ±Jm 

s 

ANI¬ 

MAL 
TOTAL 
AREA 

M  ±*M 

s 
INDEX 

GHOO 
319 BH21 

370 
B73 345 BH09 

.372 
.\cute W96 323 329  ±  8.09 11.43 G69 334 .355.6  ±  6.45 14.43 2.57 

GH04 .361 

G96 

.357 
B25 

339 

B72 
345 B45 .399 

G57 322 GH16 

40.3 Chronic G87 .371 .340.0  ±  13.57 
19.1(55 

B.32 
311 

410.2  ±  8.195 16.41 9.74 

GH50 
413 

BH.38 525 
Acute 329  ±  8.09 11.4.3 

Chronic, 346.0  ±  13.57 19.165 5.25 

Acute .355.6  ±  6.45 14.43 

5.24 
Chronic* 

410.2  ±  8.195 
16.41 

♦Each  number  In  columns  3  and  7  represents  the  total  cross  sectional  areas  of  fifty  al¬ 
veolar  cell  nuclei.  The  nuclei  were  drawn  as  found  across  the  diameter  of  several  oil  im¬ 
mersion  fields  (Ocular  lOx,  Objective  90X,  Magnification  900),  these  fields  being  in  different 
areas  of  the  section.  Camera  lucida  apparatus  and  planimeter  were  employed. 
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Table  VI 

Submaxillary  Gland:  Number  op  Interlobular  and  Intralobular  Ducts 

EXPERIMENT SERIES  1 GROUP NUMBER  OF  DUCTS* M  ±  1)1  1  t 

INDEX  OF 

SIGNIFICANCE 
or 

DIFFERENCE 

Acute 1 Control 12.0 

±  1.92 
3.85 2.8 

Chronic 1 Control 6.5 
±  0.51 

1.025 

Acute I F-Injected 13.86 
±  1.05 2.75 7.98 Chronic 1 F-Injected 4.2 
±  0.61 

1.22 
I Control 12.0 

±  1.92 
3.85 0.85 

Acute F-Injected 13.86  ±  1.05 
2.75 2 Control 15.33 

±  3.85 
5.44 

0.62 F-Injected 12.67 

±  1.88 
1.72 

1 Control 
6.5 

±  0.51 
1.025 

2,90 
F-Injected 4.2 

±  0.61 
1.22 

Chronic 2 Control 8.2 
±  1.45 

2,92 
1.05 F-Injected 6.5 

±  0.74 1.71 3 Control 
6.0 

±  1.53 
1.25 0.147 

F-Injecte«l 6.33 
±  1.62 

2.28 

•Four  high  power  flelds  (Ocular  5X,  Objective  40X.  Magnification  200.)  were  examined 
in  each  slide  and  a  count  made  of  inter-  and  intra-lobular  ducts  visible  in  all  planes  of  view. 
Series  /  represents  tissue  fixed  in  Zenker  formol  and  stained  with  I.H.A.B.-Methyl  Green ;  series 
i,  Zenker  formol  fixation  and  Mallory  Azan  stain ;  series  S  Bouin  fixation  and  I.H.A.B.-Methyl 
Green  stain. 

stimulation  of  the  cells,  prior  to  a  later  poisoning  of  them.  The  greater  size  of 

alveolar  cell  nuclei  may  also  indicate  a  generalized  response  to  the  toxic  sub¬ 
stance. 

Many  parotid  gland  alveolar  cells  of  animals  which  received  sodium  fluoride 

showed  evidence  of  change,  possibly  of  a  degenerative  nature.  The  cytoplasm 
of  numerous  cells  contained  unstained  circular  areas  suggestive  of  fat  droplets 

and  of  fatty  degeneration.  It  is  realized  that  cloudy  swelling  (albuminous  de¬ 
generation)  is  the  usual  pathologic  condition  accompanying  a  generalized 

toxemia  and  resultant  disturbance  of  cell  metabolism.^^  Fluoride  poisoning, 
moreover,  brings  about  both  these  states.  Yet  the  swelling  of  individual  cells 

Table  VII 

Submaxillary  Gland:  Count  of  Type  1  Cell  Alveoli* 

EXPERIMENT SERIES GROUP 
.  NUMBER  OF  THE 

M±J), 

ALVEOLI** 

1  * 

INDEX  OP 

SIGNIFICANCE 
OF 

DIFFERENCE 
Acute 1 Control 51.6  ±  10.00 20.004 

5.53 Chronic 1 Control 
111.2  ± 3.97 7.97 

1 Control 51.6  ±  10.00 20,004 1.87 
Acute F-Injected 80.14  ±  11.56 

24,36 2 Control 71.67  ±  17.235 28.32 
.65 F-Injecte<l 

83.5  ± 
6.145 13.74 

1 Control 
111.2  ± 

3.97 7.97 
7.69 F-Injected 

178.4  ± 

7.80 

15.60 

Chronic 2 Control 124.0  ± 3.44 5.96 
8.70 F-Injected 

188.67  ± 
6.59 14.74 

3 Control 109.0  ± 8.125 
11.49 4.87 

F-Injected 174.3  ±  10.72 23.98 

•For  description  of  the  series,  see  Table  VI. 

••Six  high  power  fields  were  examined  in  each  slide.  The  count  indicates  all  the  alveoli 
entirely  or  partially  visible  in  the  six  fields  (Ocular  5X,  Objective  40x.  Magnification  200). 
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Table  VIII.  Scbmaxillary  Gland:  Cell  Mr  ‘sis  Count  in  Alveolar  Cells* 

EXPERI.MENT SERIES TYPE GROUP 

NUMBER  OF 

MITOTIC  CELLS 
M  ±  Sj,  1  * 

INDEX  OF 

significance 

OF  DIFFER¬ 
ENCE 

3 2 Control 0.4  ±  0.24 0.49 
Acute I 2 F-injected 1.29  ±  0.475 

1.16 1 2 Control 1.2  ±  0.59 1.195 

2.02 Chronic F-injected 3.2  ±  0.80 1.6 

3 2 Control 0.67  ±  0.27 0.46 3.4 
F-injected 2.60  ±  0.50 

1.02 

•For  a  description  of  the  series,  see  Table  VI. 
A  count  was  taken  of  the  total  number  of  mitotic  alveolar  cells  of  each  type  visible 

in  ten  hig-h  power  fields  (Ocular  lOx,  Objective  40 X.  Magrnification  400)  of  each  slide.  The 
mean  ( M )  represents  the  arithmetic  mean  of  such  counts  for  a  series  of  siides  in  each  group. 

and  the  granularity  of  their  cytoplasm,  classic  signs  of  cloudy  swelling,  were 

absent  in  this  parotid  gland  material.  Roholm  did  note  these  very  cellular 

changes  of  cloudy  swelling  when  he  reviewed  the  degeneration  of  parenchy¬ 

matous  organs  during  fluorosis."  Parotid  gland  observations  from  this  present 
study,  therefore,  do  not  find  a  parallel  in  the  work  of  Roholm  or  in  other  writ¬ 
ten  reports. 

The  sharp  histological  picture  of  cell  derangement  in  the  parotid  and  sub¬ 
maxillary  glands  may  be  found  to  stem  from  the  adverse  effects  of  fluoride  upon 
metabolic  systems  within  the  cell,  (llandular  tissues  have  a  secretory  function 

which  is  made  possible  by  the  exceptional  metabolic  activity  of  their  many  com¬ 
ponent  cells.  Fluoride  can  render  normal  cell  activity  impossible  when  it  inhibits 

the  enzyme  enolase  and  disrupts  glycolysis  at  a  critical  stage.  It  prevents 

optimum  cellular  oxidation  by  blocking  the  reformation  of  adenosine  triphos¬ 
phate.  Furthermore,  it  is  a  known  inhibitor  of  lipase  and  of  some  esterases. 
Conceivably  the  normal  lipase  stimulus  to  the  transfer  of  fat  across  the  cell 

membrane  as  fatty  acid  and  glycerol  is  removed  by  fluoride.^®  If  inhibition  of 

oxidase  is  likewi.se  effective,’*  a  biochemical  reason  for  fatty  degeneration  would 
be  established. 

Earlier  studies  suggest  that  salivation  is  increased  in  animals  both  acutely 

and  chronically  poisoned  with  fluoride.®’  **  Because  of  the  work  of  Roholm® 

w’e  also  know’  that  the  point  of  attack  uiion  salivary  glands  is  peripheral,  i.e.,  in 
the  gland  cells  proper  or  in  the  adjacent  nerve  ends.  Certainly  it  was  evident 

in  this  study  that  the  actual  cells  were  adversely  influenced  by  fluoride.  More¬ 
over,  the  survey  of  the  parotid  gland  revealed  that  the  average  alveolar  cell  of 
experimental  tissue  included  more  granules.  Possibly  these  facts  and  the  other 

parotid  gland  findings  as  to  the  size  of  individual  alveoli  and  their  apparently 

greater  separation  from  one  another,  are  significantly  related.  They  might  indi¬ 
cate  that  the  cells  of  the  gland,  under  stimulus,  were  actually  secreting  at  a 

faster  than  normal  rate,  and  w’ere  thus  never  able  to  reach  usual  dimensions. 
Submaxillary  gland  observations  were  in  no  sense  identical  with  those  made 

upon  the  parotid  gland.  Certain  of  the  changes  may  be  ruled  out  because  of 
their  restricted  occurrence.  The  prolonged  (chronic)  influence  of  fluoride  upon 

the  Type  2  alveolar  cells  was,  however,  such  as  to  produce  noticeable  changes 

l)oth  in  the  alveolar  arrangement  of  these  cells  and  in  their  cytoplasm  and 
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nuclei.  Just  as  in  the  ease  of  the  parotid  "land  cells,  extensive  vaeuolation, 
absence  of  granulation,  etc.,  indicated  a  fatty  degeneration  rather  than  a  cloudy 

swelling. 

The  extent  of  the  deviation  from  normal  was  greater  in  this  submaxillary 

cell  than  in  any  other  cell  type  of  the  eight  organs  surveyed.*  Why  this  w’as 
so,  and  why  the  immediately  adjacent  Type  1  cells  were  not  similarly  affected, 

is  not  known.  Type  1  cells  did  reflect  what  can  be  as.sumed  was  the  stimulus  of 

plasma  fluoride,  but  in  an  entirely  different  way.  The  marked  increase  of  Type 

1  serous  cells  might  possibly  j)roduce  a  faster  salivary  secretion  in  the  experi¬ 
mental  rats  of  the  chronic  group  and  a  significant  change  in  the  normal  ratio  of 

salivary  constituents.  The  observations  suggest  that  this  may  be  the  case. 

If  the  influence  of  fluoride  upon  the  cells  of  one  salivarj’  gland  is  as  de¬ 
scribed,  there  still  remains  to  be  answered  the  (luestion  of  the  sublingual  gland 

and  the  entire  absence  of  obvious  cytological  change  in  its  structure.  Handler's 
description  of  intense,  thick  salivation  in  lethally  poisoned  rats**  would  suggest 
that  under  certain  conditions  the  mucous  salivary  alveoli  are  either  highly  stimu¬ 
lated  or  altered  in  function.  The  mucous  cells  of  the  sublingual  may  be  fluoride- 
resistant  because  of  the  particular  nature  of  their  secretion  or  of  its  synthesis. 

Further  studies  of  the  sublingual  gland  tissues  under  the  influence  of  NaF  are 
indicated  in  order  to  substantiate  this  hypothesis. 

Questions  of  carbohydrate  digestion  in  the  mouth  and  the  metabolism  of 

oral  bacteria  are  both  linked  to  these  histological  findings.  Apparently  serous 

cells  of  both  the  parotid  and  submaxillary  glands  are  specifically  injured  by 
the  fluoride  ion.  There  is  reason  to  believe  that  the  enzymic  content  of  the  saliva 

is  changed  as  a  result  of  disrupted  secretion  in  these  cells.  Study  of  salivary 
amylase  has  shown  that  the  enzyme  is  not  inhibited  by  fluoride  acting  upon  it 

in  vitro.*®  Yet  this  is  not  conclusive  evidence  in  support  of  a  negative  effect 
upon  secretion.  Neither  does  it  indicate  absence  of  change  in  the  over-all 
siilivary  enzyme  content  during  fluoride  absorption. 

SUMM-VRY 

1.  Two  groups  of  rats  were  studied,  each  group  consisting  of  ten  experi¬ 

mental  and  five  eontrol  animals.  The  two  groups  were  designated  as  "acute” 

and  "chronic,”  based  on  the  duration  of  the  experimental  period  and  amount 
of  sodium  fluoride  administered.  The  acute  group  animals  receiveil  daily 
intraperitoneal  injections  of  2.5  per  cent  isotonic  aqueous  NaF  solution  for  15 

days,  while  the  chronic  grou|)  experimental  animals  received  lower  volume  in¬ 

jections  of  the  same  solution  on  alternate  days  over  a  100-day  period. 

2.  At  autopsy,  no  significant  changes  wei'e  observed  either  in  the  grass 
appearance  of  the  animals  (incisor  teeth  e.xcepted),  or  in  the  gross  structure 
of  the  salivary  glands. 

3.  The  chief  histological  effects  of  sodium  fluoride  administration,  con¬ 
firmed  in  many  instances  by  statistical  analysis,  were  as  follows: 

*T)h'  (IniiinKH  in  the  kidney,  liver,  pancreas,  adrenal  gland  and  thyroid  gland  are  being 
reported  separately. 
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Parotid  Gland. —  (1)  Increased  mitotic  division  of  alveolar  cells  (chronic 
group  experimental  animals),  (2)  increased  size  of  alveolar  cell  nuclei  (chronic 

group  experimental  animals),  (3)  clear  unstained  areas  and  a  lack  of  uniform 
staining  in  the  alveolar  cell  cytoplasm,  features  suggestive  of  degenerative 

change.  There  were  reasons  for  considering  this  a  fatty  degeneration,  and 

(4)  increased  separation  of  alveoli  and  an  apparent  increase  in  the  amount  of 
intralobular  connective  tissue. 

SuhmaxiUary  Gland. — (1)  An  increase  in  the  number  of  Type  1  serous  cell 
alveoli  per  unit  area  (chronic  group  experimentals).  The  Type  1  cell  is  described 

by  Stormont®®  as  a  cell  containing  large  highly  refractive  granules,  (2)  a  modi¬ 
fication  of  serous  cells  of  the  second  type  (Type  2),  including  a  change  in  their 
size  and  alveolar  arrangement  and  their  greater  compression  between  alveoli  of 

Type  1  cells,  and  (3)  evidence  of  cytological  change  in  Type  2  cells.  Vacuola- 
tion  and  unusual  staining  of  the  cytoplasm  and  the  enlarged,  irregular  shape 

of  many  cell  nuclei  pointed  to  degeneration,  pos.sibly  of  a  fatty  nature.  These 

Type  2  cell  changes  were  apparent,  though  to  a  les.ser  degree,  in  submaxillary 
glands  of  the  acute  experimental  group. 

Sublingual  Gland. — Experiment  tissues  were  devoid  of  change. 
The  effects  of  sodium  fluoride  absorption  were  such  as  to  produce  definite 

change  in  the  structure  of  the  parotid  and  submaxillary  glands.  Similar  dosage 
of  sodium  fluoride  did  not  influence  the  histological  appearance  of  the  sublingual 

gland. 

The  author  wishes  to  acknowleJge  the  valuable  assistance  of  Drs.  Hermann  Becks  and 
James  Xuckolls  of  the  College  of  Dentistry  and  of  Drs.  .\lexoi  KonefF,  J.  B.  de  C.  M. 
Maunders  and  C.  W.  Asling  of  the  Hchool  of  Medicine. 
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INVESTIGATIONS  conducted  to  determine  whether  substances  will  penetrate 
enamel  centripetally  have  resulted  in  conflicting  reports  (Fish^  and  Berg- 

gren’*)  as  to  whether  large  dye  molecules  and  silver  nitrate  and  other  reagents 
can  penetrate  enamel  from  its  surface  (centripetal  penetration).  Centrifugal 
penetration  of  dyes  into  enamel  (from  the  pulpal  side)  has  also  been  described. 
Definitive  evidence  of  rapid  dye  penetration  through  enamel  in  either  direction 

is  not  available.  Centripetal  experiments  (Atkinson®)  indicate  salts  penetrate 
the  enamel  of  extracted  teeth.  Wainright  and  Lemoine^  showed  centripetal  pene¬ 
tration  of  radiocarbon-labelled  urea  through  intact  enamel  of  extracted  teeth. 
The  possibility  of  differences  in  permeability  of  extracted  teeth  as  opposed  to 

teeth  in  situ  has  been  reported  by  Bodecker  and  Lefkowitz.® 
Berggren,®  using  in  vivo  methods,  demonstrated  centripetal  penetration  of 

P-32  and  tetanus  toxin  through  enamel.  Mandel  and  Sarkady®  administered 
large  doses  of  sodium  iodide  to  cats  and  showed  some  evidence  of  penetration  of 

the  iodide  into  the  enamel  and  dentin.  Bartelstone  and  co-workers,^’  ®  demon¬ 
strated  radioautographic  evidence  of  penetration  of  1-131  into  enamel  in  cats 
and  human  beings  following  systemic  administration  of  the  isotope. 

This  study  was  undertaken  to  determine  whether  1-131  applied  to  the 
intact  surface  of  enamel  would  penetrate  through  the  enamel  and  dentin  and 
concentrate  in  the  thyroid  gland  of  cats. 

METHOD 

Eight  adult  male  cats,  each  weighing  6  to  8  pounds,  were  used.  The  ani¬ 
mals  were  maintained  under  Nembutal  anesthesia  throughout  the  experiment. 

A  wax  block  was  prepared  by  folding  together  warmed  sheets  of  dental 
base  plate  wax  (Fig.  1).  The  size  of  the  wax  block  prevented  movement  of 
the  mandible.  Two  aluminum  shells  were  inserted  into  the  dorsal  surface  of 

the  wax  block,  the  distance  between  the  center  of  the  shells  equalling  the 
interval  between  the  maxillary  canines. 

A  solution  (0.5  ml.)  containing  about  500  microcuries  of  carrier-free  1-131, 
in  the  form  of  Nal,  was  placed  in  each  shell.  The  teeth  were  wiped  with 

surgical  sponges  and  the  wax  block  placed  between  the  jaws  (Fig.  1)  in  such 
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a  manner  that  only  the  tips  of  the  teeth  were  dipped  and  retained  in  the  solution. 
When  the  maxillary  canines  were  used  as  experimental  teeth,  the  mandibular 
canines  acted  as  controls.  The  cat  was  placed  on  a  lead  plate,  1  inch  thick, 
and  its  head  surrounded  by  lead  blocks.  A  portable  shielded  Geiger  counter 
was  fixed  at  the  level  of  the  thyroid  cartilage.  To  reduce  the  background  count 

l)ecause  of  the  1-131  source  in  the  mouth,  lead  sheets  were  positioned  immediately 

inferior  to  the  mandible.  The  counting  rate  over  the  thyroid  gland  was  de¬ 

termined  to  establish  the  background  as  a  zero  point  at  the  start  of  the  experi¬ 
ment.  The  experiment  was  continued  until  significant  counts,  above  the  back¬ 
ground,  were  noted. 

KIg.  1. — Tip  of  canines  of  anesthetized  cat  dipping-  Into  crucibles  containing  0.5  mi. 
NaI-131  (500  microcuries).  Note  that  rubber  dam  although  normally  in  position  isolating 
canines,  has,  in  this  case,  been  removed  for  photographic  purposes. 

The  animals  were  sacrificed  and  longitudinal  slices,  in  a  sagittal  plane, 

were  cut  from  the  four  canines  and  the  supporting  tissue  of  each.  Tooth  sections 

were  ground  to  seventy -five  micra  under  oil  (oil  reduces  leaching  of  1-131),^ 
and  buffed  and  polished  until  free  of  contaminated  grinding  debris.  Frozen 
sections  of  the  thyroid  glands  were  prepared. 

Radioautographs  were  made  from  the  tooth  and  thyroid  sections  on  Kodak 

contrast  lantern  slide  plates  and  No-Screen  x-ray  film.  Exposure  was  estimated 
by  Geiger  counter  surveys,  assuming  uniform  distribution  of  1-131  as  well  as 
uniform  self-absorption  of  sections. 
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RESUI.TS 

Activity  over  the  thyroid  gland  after  1.5  to  2  hours  as  demonstrated  by 

Geiger  counter  and  radioautographs  was  evidenced  in  all  cases. 

Centripetal  penetration  of  1-131  into  the  tooth  is  shown  in  the  radioauto¬ 
graph  (Fig.  2).  The  distribution  pattern  indicates  a  diffuse  penetration  of 

1-131  through  enamel  with  a  concentration  of  radioiodine  at  the  dentino-enamel 

junction.  Dentin  is  diffusely  penetrated  and  1-131  is  found  in  the  pulp  (Figs. 
IB,  and  3B). 

There  is  radioautographic  evidence  (Fig.  2,  B)  of  distribution  of  1-131  in 
cementum,  periodontal  membrane,  alveolar  bone  and  marginal  gingiva.  In 

the  radioautograph  illustrated  (Fig.  2,  B)  there  is  no  evidence  of  1-131  dis¬ 

tributed  on  that  portion  of  the  enamel  surface  w’hich  was  not  actually  dipped 
into  the  .source  solution. 

No  evidence  of  1-131  uptake  was  found  in  any  of  the  control  sections. 

DISCUSSION 

Radioiodine  was  chosen  as  the  tracer  sulistance  because  it  has  been  found 

useful  for  studying  the  distribution  of  tis.sue  fluid  solutes  in  teeth  of  human  be¬ 

ings  and  cats.^’  *  A  relatively  high  concentration  of  1-131  is  found  in  saliva 
following  systemic  administration.® 

The  method  devised  for  this  experiment  has  .several  advantages  over  previ¬ 
ous  methods  for  applying  reagents  to  teeth.  It  may  be  used  for  both  centripetal 

or. centrifugal  studies  of  enamel  permeability.  The  external  environment  of 
the  expermental  tooth  can  be  controlled,  permitting  variation  in  the  type  of 
fluid,  temperature,  and  level  of  immersion.  No  time  limit  is  imposed  by  this 

method.  The  introduction  of  variables,  such  as  cavity  preparations  and  cements 
or  waxes,  are  not  required  to  keep  the  reagent  in  contact  with  the  tooth. 

There  was  no  evidence  of  surface  .spread  of  1-131  beyond  the  level  of  the 
solution.  The  bare  area  corresponding  to  the  enamel  surface  seen  in  Fig.  2,  B 

demonstrates  this  point.  It  may  therefore  be  deduced  that  distribution  in  the 

periodontium  is  not  due  to  any  external  bridge  lietween  the  1-131  source  and 
the  mucous  membrane. 

Survey  radioautographs  were  used.  Although  automatically  superimposed 
autographs  and  sections  would  be  preferable,  the  tooth  sections  were  too  thick 
to  jiermit  collimation  of  radiation  to  a  degree  commensurate  with  microscopic 

observation  at  high  power.  Because  these  ground  sections  were  unmounted,  a 

variation  from  the  conventional  survey  radioautographic  technique  was  em¬ 
ployed.  The  sections  were  placed  between  two  emulsions  varying  in  sensitivity 
to  radiation.  One  exposure  produced  two  radioautographs  clearly  visualizing 

areas  of  low  uptake  on  the  fast  emulsion  and  areas  of  high  uptake  on  the  slower 
emulsion. 

By'  using  the  thyroid  gland  as  an  indicator,  the  systemic  uptake  of  1-131 
was  demonstrated  earlier  than  if  the  blood  had  been  counted.  If  the  experi¬ 
mental  time  interval  had  lieen  extended  to  obtain  detectable  concentration  of 

1-131  in  the  blood,  the  control  teeth  would  have  given  positive  radioautographs. 
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This  would  have  made  it  impossible  to  study  the  1-131  distribution  patterns 
through  the  tooth  and  periodontium  as  a  function  of  the  source  external  to  the 
enamel  surface. 

The  radioautographs  of  the  tooth  sections  may  be  considered  analagous 
to  the  dynamic  interpretation  of  candid  photography  of  moving  objects.  The 

distribution  patterns  demonstrate  the  penetration  through  the  tooth  of  1-131 

“stopped”  at  a  given  point  in  time  as  it  proceeds  toward  the  pulpal  tissue 
from  the  surface.  No  detectable  changes  in  the  distribution  of  the  1-131  were 
found  in  successive  radioautographs  made  from  the  sections  indicating  that 

1-131  did  not  shift  in  the  tooth  after  sectioning. 

FIr-.  2. — A,  Photomicrograph  of  75  micra  lonRitudinal  Rround  section  of  cat  lower  canine 
(experimental).  B,  RadioautoRraph  made  from  section  in  /I  on  Ko«lak  contrast  plate.  Dis¬ 
tribution  of  1-131  throuRh  enamel  and  into  dentin.  Uptake  by  cementum.  periodontal  mem¬ 
brane.  alveolar  bone,  and  RinRiva.  Absence  of  1-131  contamination  on  enamel  surface,  apically, 
beyond  level  of  solution. 

In  1-131  studies  jireviously  reported, '•  •*  in  which  the  iodide  was  administered 
sy.stemically,  uptake  was  obtained  in  the  cementum,  bone,  and  connective  tissue 
of  the  periodontium,  rnder  conditions  imposed  by  the  pivsent  experiment, 
however,  the  distribution  pattern  in  the  {leriodontium  is  con.sidered  significant 
because  tbe  evidence  indicates  a  pathway,  other  than  systemic  approach,  for 
penetration  of  a  tissue  fluid  solute  into  the  periodontium  by  way  of  the  tooth. 

The  degree  to  which  this  pathway  of  entrance  may  influence  the  periodontium 
remains  to  be  determined. 
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Fig.  4  suggests  that  some  of  the  1-131  enters  the  periodontal  membrane 
after  leaving  the  pulp,  and  reaches  the  alveolar  bone  and  cementum.  However, 

upon  leaving  the  pulp,  the  1-131  may  enter  the  bone  at  the  apex  of  the  root  of 
the  tooth,  and  after  distribution  in  the  bone,  reach  the  periodontal  membrane, 

cementum,  and  gingiva.  The  lateral  spread  of  1-131  along  the  dentino-enamel 
junction  does  not  appear  to  be  a  pathway  to  the  periodontium  under  the 
conditions  of  the  experiment. 

Fig.  3. — A,  Photomicrograph  of  cervical  one-thircl  area  of  75  mlcra  longitudinal  ground 
section  of  cat  upper  canine  (experimental).  Note  darkened  tubules  In  dentin,  presence  of  some 

pulp  tissue.  B,  Radio-autograph  made  from  section  in  A  on  Kodak  contrast  plate.  Diffuse 
penetration  through  enamel  and  dentin,  extending  into  pulp. 

SUMMARY 

A  solution  (0.5  ml.),  containing  500  microcuries  of  carrier-free  1-131  as 
NaI-131,  was  applied  to  the  external  surface  of  intact  enamel  of  eight  animals. 

Significant  counts  W'ere  obsert^ed  over  the  thyroid  gland,  indicating  penetration 
of  1-131  through  enamel  and  dentin  and  thus  into  the  pulp  and  the  blood¬ 
stream.  Radioautographs  demonstrate  diffuse  penetration  of  1-131  through 
enamel  and  dentin  and  uptake  by  the  periodontal  tissues. 

Grateful  acknowledgment  is  extended  to  Drs.  Bernard  Eoswit  and  Rosalyn  Yalow  of 
the  Veterans  Administration  and  Dr.  Barnet  Levy  of  Columbia  University  for  their  cooperation 
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Fig.  4. — Penetration  on  1-131  from  source  in  crucible,  through  intact  enamel  and  dentin 
into  the  pulp  and  periodontium.  Uptake  of  1-131  by  bloodstream  with  concentration  in  thyroid 
gland. 

and  advice;  to  Mr.  Martin  Jachter  and  Mrs.  Katherine  Newcrby  for  technical  assistance, 
and  to  Mr.  Sidney  Shapiro  and  Mr.  Lou  Barlow  of  the  Medical  Illustration  Department 
of  the  Veterans  Administration. 
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COKKELATION  OF  HYPP^RCEMENTOSIS  WITH  TOXIC  GOITER 

A  Preliminary  Report 

I.  J.  KUPFER,  D.D.S. 

Kings  County  Hospital,  Brooklyn,  N.  F. 

The  etiology  and  significance  of  hypercementosis  is  at  present  still  under 
investigation.  Zemsky*  pointed  out  the  hereditary  factor  as  exemplified 

in  a  case  of  a  mother  and  her  two  adult  daughters  all  showing  radiological 

evidence  of  hypercementosis  on  the  roots  of  otherwise  normal  teeth.  Gottlieb^ 
found  spikelike  eementum  hyperplasias  on  teeth  under  increased  stress  caused 

by  a  heavy  pipe  in  an  habitual  pipe  smoker.  Boyle®  pointed  out  that  eementum 

hyperplasia  represented  “a  defense  reaction  of  the  organism”  to  a  low  grade 
irritation  in  pulpless  teeth.  Kellner,^  however,  presented  evidence  that  increased 

function  does  not  cause  hypercementosis.  Gardner  and  Goldstein®  after  sur¬ 
veying  material  at  the  Mayo  Clinic,  concluded  that  hypercementosis  repre¬ 

sented  “an  inherent  tendency  of  certain  persons  rather  than  ...  a  hyperplastic 
response  to  infection  only  ...”  More  recently,  Sorrin®  concluded  that  there  is 
no  relationship  between  hypercementosis  and  arthritis.  Stafne*  noted  that 
toxic  goiter  in  the  adult  may  be  correlated  with  osteoporosis,  but  concluded 
that  the  degree  of  osteoporosis  does  not  vary  significantly  to  be  of  diagnostic 
value. 

The  purpose  of  this  paper  is  to  present  data  indicating  a  correlation  be¬ 
tween  hypercementosis  and  toxic  goiter. 

Hypercementosis  is  defined  by  Grban®  as  “an  abnormal  thickening  of  the 
eementum.  It  may  be  diffuse  or  circumscribed,  i.e.,  it  may  affect  all  the  teeth 

or  only  certain  parts  of  one  tooth.”  Thoma  and  Goldman®  noted  that  it  may 
occur  in  teeth  that  are  in  normal  occlusion,  and  with  no  occluding  antagonist 

as  well  as  nonerupted  teeth. 

The  eases  of  toxic  goiter  have  been  obtained  from  the  Women’s  Thyroid 
Ward  of  the  Kings  County  Hospital.  Of  the  36  eases,  12  have  pathological 
diagnoses  (9  cases  of  diffuse  and  3  cases  of  nodular  goiter).  The  remaining 

25  were  clinically  diagnosed  by  the  Medical  Service  of  this  hospital  as  toxic 

goiter.  The  broad  definition  of  Means*®  is  used  to  include  “any  condition  of 
spontaneous  hypersecretion  on  the  part  of  the  thyroid.”  “Toxic”  pertains  to 

the  symptoms  while  that  of  “goiter”  signifies  the  often  accompanying  enlarge¬ 
ment  of  the  thyroid  gland. 

Two  groups  were  selected  as  controls : 

Hospital  Control  Group. — Thirty-six  white  women  of  identical  age  distribu¬ 

tion  as  the  toxic  goiter  group  w'ere  chosen  at  random  from  the  Fracture  Clinic 
Received  for  publication  August  16,  1950.  Revised  by  author  August  29,  1951. 
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and  the  Physiotherapy  Clinic  of  the  Kings  County  Hospital.  Full  mouth  x-ray 
series  were  then  obtained. 

Population-at-large  Control  Group. — Thirty-six  full  mouth  x-ray  series  of 

white  women  were  selected  at  random  from  the  author’s  own  private  files.  This 
group  has  the  same  age  distribution  as  does  the  toxic  goiter  group.  The  x-rays 
were  not  read  until  the  entire  group  had  been  selected. 

The  radiographic  interpretation  as  to  the  presence  or  absence  of  hyper- 

cementosis  was  made,  according  to  the  definition  above,  by  the  author  and  a  sec¬ 

ond  impartial  dentist. 

Table  I  is  a  classification  of  the  individuals  in  each  group  according  to  the 

number  of  hypercementosed  teeth.  Table  II  is  a  classification  of  the  individuals 

in  each  group  by  age  and  prevalence  of  hypercementosis.  The  results  indicate 

that  80  per  cent  of  the  patients  in  the  toxic  goiter  group  have  evidence  of  hyper¬ 

cementosis  as  compared  to  19  per  cent  in  the  haspital  control  group  and  19  per 

cent  in  the  population-at-large  group. 

At  present,  the  problem  is  being  further  studied  in  an  effort  to  establish  the 

nature  of  this  relationship  between  hypercementosis  and  toxic  goiter. 

Table  I 

Cl.ASSIFICATIoS  OF  InDIVIDVALS  IN  EACH  GROI'P  BY  THE  Nl'MBER  OF  HYPERCEMENTOSED  TEETH 

PATIENTS  HAVING  THE 

FOLLOWING  NUMBER  OF 

HYPERCEMENTOSED  TEETH 

TOXIC  GOITER 

CASES 

HOSPITAL  CONTROL 

CASES 

POPUIATION-AT-LARGE 

CASES 
0 2 

30 

29 
1 5 1 3 
o 11 3 2 
3 10 1 0 
4 1 1 1 
5  or  more 2 0 1 

Known  positive  but  unknown 
as  to  number 

5 0 0 

Total 36 

36 

36 

Table  II 

Classfication  of  Indivtucals  in  Each  Group  by  Age  and 

Prevalence  of  Hypercementosis* 

TOXIC  GOITER 

CASES 

HOSPITAL  CONTROL 

CASES 
POPULATION-AT-LARGE 

CASES 

AGE  GROUP 
NUMBER 

OF  CASES 

POSITIVE  FOR 

HYPERCEMEN¬ 
TOSIS 

NUMBER 

OF  CASES 

POSITIVE  FOR 

HYPERCEMEN¬ 
TOSIS 

NUMBER 

OF  CASES 

POSITIVE  FOR 

HYPERCEMEN¬ 
TOSIS 

11-20 1 1 1 0 1 0 
21-30 12 9 12 o 12 o 

31-40 8 9 1 9 2 
41-50 8 5 8 3 8 2 
51-60 4 4 4 1 4 0 
61-70 2 2 2 0 2 1 

Total 36 29 

36 

7 36 7 

Percent  of  hy¬ 
percementosis 

=  80% 7 

“36 

=  19% 

7 

"36 

=  19% 

♦These  data  have  been  analyzed  by  the  Chi — square  method  and  have  been  found  sisr- nifleant. 
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THE  INFLUENCE  OF  ROTATIONAL  SPEED  ON  TEMPERATURE  RISE 

DURINO  CAVITY  PREPARATION 

R.  C.  VAUGHN,  B.A,,  AND  F.  A.  PEYTON,  D.Sr. 

School  of  Dentistry,  University  of  Michigan,  Ann  Arbor,  Mich. 

Recently  there  has  been  considerable  interest  in  the  possible  use  of  high speeds  and  various  hand  pressures  as  they  influenee  the  temperature  rise 

during  cavity  preparation.  One  stud}'  has  been  reported  in  which  speeds  up 

to  60,000  r.p.m.  have  been  used.^  A  previous  report  from  this  laboratory  has 
described  thermal  changes  developed  during  the  cutting  of  tooth  tissue  where 

various  instruments  are  used  at  speeds  produced  by  the  conventional  commer¬ 

cial  dental  engine.*  From  each  of  these  .studies  it  is  apparent  that  in  the  use 
of  rotating  instruments  to  cut  tooth  tissue,  the  problem  of  heat  generation  is 

only  one  part  of  a  larger  problem  which  also  includes  the  efficiency,  vibration 

characteristics,  and  life  expectancy  of  the  rotating  cutting  instrument.  Inas¬ 

much  as  each  of  these  four  factors  is  influenced  by  several  variables  such  as  size. 

design,  speed  of  operation  and  pressure  applied,  it  is  apparent  that  the  applica¬ 
tion  of  the  rotating  dental  instrument  to  the  cutting  of  tooth  tissue  is  basically 

a  complex  operation. 

The  purpose  of  this  study  was  to  determine  the  effect  of  speeds  up  to  11.300 

r.p.m.  on  the  temperature  developed  in  the  tooth  during  the  cutting  of  enamel 

and  dentin  simultaneously.  For  this  study  only  one  design  of  bur  (fi^re 

type)  was  employed.  To  a  limited  degree  the  force  applied  during  the  cutting 

operation  and  the  size  of  the  instrument  was  varied.  These  variations,  however, 

were  w'ell  within  the  limits  of  conventional  practice. 

MKTUOI)  OK  TK.ST 
/ 

Extracted  noncarious  molar  teeth  were  used  in  all  tests  describetl.  These 

teeth  were  stored  in  tap  water  until  they  were  needed  for  tests.  Each  tooth 

was  prepared  to  accommodate  a  thermocouple  by  cutting  a  hole  to  the  dentin- 

enamel  junction  at  a  point  approximately  1  to  2.5  mm.  Inflow  the  occlusal  surface, 

using  a  number  one  round  bur. 

A  thermocouple  of  28  gauge  chronufl-alumel  wires,  connected  to  a  Tyi>e  ‘‘G" 
Leeds  and  Northrup  Sj)eedomax  potentiometer-recorder,  was  weilgetl  into  the 

tooth  at  the  dentino-enamel  junction.  This  connection  allowed  temperature 

recordings  to  be  made  at  four-second  intervals. 

A  beam  balance  was  constructed  so  that  it  was  supimrted  in  the  center  and 

could  be  loaded  at  either  end.  One  end  was  designed  to  hold  a  platform  on 

which  the  teeth  were  mounted  in  plaster.  The  other  end  was  counterbalanced 

by  Ailing  a  cup  with  shot,  in  sufficient  (plant ity  to  counteract  the  weight  of  the 

A  portion  of  this  study  wuci  aupported  by  a  Krant  front  the  Horace  H.  Kackhant  School 

of  Graduate  Htudlea,  Project  K-217,  I'niveralty  of  Mlchluan. 

Read  at  the  meeting  of  the  Materials  Group  International  .\iMOClatlon  for  I^ental  Re¬ 
search,  March  17,  1961,  French  Dick,  Ind.  (J.  IX  Rea.  SOt  497,  19511  . 

Receivetl  for  publication,  April  24,  1961. 

737 



738 VAUGHN  AND  PEYTON 
J.  D.  Res. October,  1951 

1
2
 
 

3
 
 

4
 
 

5
 
 

0
 
 

2
,
0
0
0
 
 

4
,
0
0
0
 
 

s
p
O
O
 
 

8
P
0
0
 
 

1
0
,
0
0
0
 

D
I
S
T
A
N
C
E
 
 

F
R
O
M
 
 

T
H
E
R
M
O
C
O
U
P
L
E
 
 

(
l
a
n
O
 
 

S
P
E
E
D
 
 

(
R
P
M
)
 



Volum*  30  ROTATIONAL  SPEED  INFLUENCE  DURING  CAVITY  PREPARATION  739 Number  S 

platform,  plaster,  and  tooth.  Below  this  counterbalance  were  suspended  known 

weights.  A  support  was  positioned  so  that  the  beam  would  be  level  before  a 

load  was  applied  to  the  tooth  during  the  cutting  operation. 

A  four-speed  laboratory  motor  capable  of  rotating  at  speeds  of  1,310,  2,200, 
3,400,  and  4,000  r.p.m.  at  the  driveshaft  was  used  to  operate  a  conventional  dental 

handpiece.  By  varying  the  diameter  of  the  drive  pulley,  and  using  the  four 

motor  control  settings,  various  speeds  between  1,155  and  11,300  r.p.m.  were 

obtainable  at  the  handpiece.  To  cover  the  range  of  rotational  speeds  available, 

it  was  necessary  to  employ  only  six  or  eight  operating  speeds,  such  as  1,155, 

2,200,  3,400,  4,000,  6,200,  7,300,  9,600,  and  11,300  r.p.m. 

Except  for  data  involving  tungsten  carbide  burs  and  spiral  fluted  burs, 

new  burs  of  one  product,  purchased  through  usual  trade  sources,  were  used 

throughout  the  tests.  A  new  steel  bur  was  used  for  each  measurement,  so  that  the 

effect  of  pronounced  dulling  would  not  produce  variable  lesults.  In  the  case  of 

tungsten  carbide  burs,  they  were  u.sod  until  a  microscopic  comparison  of  used 

and  new  instruments  showed  the  used  ones  to  be  slightly  dulled.  The  spiral 

Hutted  steel  burs  described  in  this  report  were  of  a  different  make,  but  no 

comparison  of  various  trade  products  is  attempted.  The  fissure  bur  proved 

adaptable  to  laboratory  tests  for  cutting  enamel  and  dentin,  and  its  wide  applica¬ 

tion  in  dental  practice  justifies  this  study  in  detail.  Throughout  this  report 

all  values  listed  are  averages  of  at  least  two,  but  usually  several  more,  measure¬ 
ments. 

DISCUSSION  OF  RESULTS 

If  the  temperature  rise  at  the  surface  being  cut  is  known  under  a  given 

set  of  conditions  of  operation,  and  if  the  distance  of  this  surface  from  the  pulp 

chamber  can  be  estimated  with  some  accuracy,  an  approximation  of  the  tempera¬ 

ture  rise  at  the  pulp  can  be  made.  For  use  in  such  determinations,  the  tempera¬ 
tures  developed  at  various  distances  from  the  thermocouple  are  shown  in  Fig.  1, 

with  curves  for  cutting  times  of  5,  10,  20,  and  30  seconds.  To  obtain  the  5,  10, 

and  20  second  temperature  vs.  distance  curves,  vertical  cuts  in  tooth  structure 
were  made  from  the  occlusal  surface  of  the  tooth  at  various  distances  from  the 

thermocouple.  A  load  of  2V^  pounds  was  used  on  a  No.  557  steel  bur  for  these 

tests.  The  operating  speed  w'as  3,400  r.p.m.  Data  for  the  30  second  cutting 

interval  were  obtained  as  described  previously.*  From  these  curves,  it  is  appar¬ 
ent  that  near  the  heat  source  a  large  temperature  rise  is  obtained  soon  after  the 

operation  begins. 

Throughout  the  study,  intermittent  cutting  was  used.  The  time  cycle  for 

this  was  two  seconds  of  cutting  followed  by  one  second  rest.  While  this  proce¬ 

dure  may  allow  slightly  greater  variation  in  the  results  than  if  the  cutting  is 

constant,  it  was  thought  advisable  to  use  a  method  which  closely  resembled  that 

usually  recommended  in  practice.  The  cutting  time  was  not  rigidly  controlled, 

except  for  results  described  in  Fig.  1,  but  the  thermocouple  was  placed  at  a 

position  such  that  approximately  two  minutes  elaixsed  before  the  thermocouple 

was  reached.  The  temperatures  recorded  were  those  obtained  when  cutting 

within  0.5  mm.  of  the  thermocouple.  All  temperature  rises  were  measured  from 
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room  temperature.  From  other  studies  to  be  reported  later,  it  has  been  deter¬ 
mined  that  the  total  temperature  rise  on  extracted  teeth  measured  as  described 

here,  is  not  significantly  different  from  that  obtained  from  teeth  in  the  mouth.^ 
The  effect  of  a  change  in  bur  size  on  temperature  rise  is  demonstrated  in 

Fig.  2,  when  using  a  IV^  Pound  load.  The  complete  curve  for  the  No.  559  bur 

was  not  obtained,  but  the  trend  of  the  curves  was  established  by  the  use  of 

the  No.  557  bur  at  speeds  between  approximately  1,000  and  10,000  r.p.m.  It  is 

observed  that  the  temperature  rise  of  the  smaller  No.  557  bur  is  lower  through¬ 

out  the  range  tested  than  that  of  the  No.  559  bur.  A  pronounced  increase  in 
temperature  is  observed  as  the  speed  is  increased  over  the  entire  range  tested. 

The  difference  in  the  effect  of  straight  and  spiral  blade  or  flute  design  as  it 

influences  temperature  rise  has  been  studied  for  tbe  No.  557  bur.  The  tempera¬ 

ture  rises  developed  by  the  spiral  flutted  bur  and  the  straight  fluted  bur  are 

shown  in  Fig.  3,  with  a  J^)ound  load  applied.  The  temperature  rise  recorded  for 
the  spiral  bur  was  higher  than  that  recorded  for  the  straight  flutted  bur  for 

each  speed  studied.  It  has  been  observed  that  the  spiral  groov^ed  bur  has  greater 

cutting  efficiency  than  those  with  straight  grooves* ;  therefore  under  the  same  con¬ 
ditions  of  operation,  more  material  wdll  be  removed  per  unit  time  with  the 

spiral  grooved  bur  than  with  a  comparable  straight  grooved  bur.  In  this  case, 
the  bur  which  operated  most  efficiently  also  developed  a  higher  temperature 

rise  in  the  tooth. 

The  temperature  rise  developed  by  the  No.  557  tungsten  carbide  bur  as 

compared  to  a  similar  steel  bur  is  shown  in  Figs.  4  and  5  when  operating  at 

y2  and  1  pound  loads,  respectively,  throughout  the  speed  range  from  1,000  to 
10,000  r.p.m.  The  tungsten  carbide  bur  consistently  showed  a  slightly  lower 

temperature  rise  than  the  steel  bur  when  operated  under  comparable  conditions. 

In  another  study  it  has  been  shown  that  the  cutting  efficiency  of  the  No.  557  steel 

bur  is  similar  to  that  of  the  No.  557  tungsten  carbide  bur.*  It  is  possible  that 
the  carbide  bur  develops  a  little  lower  temperature  rise  than  the  steel  bur  be¬ 

cause  of  its  tendency  to  resist  dulling.  Limited  data  have  been  accumulated 

which  would  indicate  this  possibility. 

The  temperature  rise  dev'eloped  for  four  constant  speeds  is  plotted  against 

applied  load  ITT  Fitf..  0. — At  tbe  spwBda  Examined  it  may  be  observed  that  an 
increase  in  load  is  accompanied  by  approximately  a  linear  increase  in  tempera¬ 
ture  rise.  At  slow  speeds  of  operation  the  temperature  rise  is  approximately 

doubled  as  the  load  is  increased  from  to  2  pounds.  "At  higher  speeds  the  rate 

of  temperature  rise  is  even  greater  as  the  load  is  increase  This  would  sun- 

port  the  be^ef  of  some  operators  that  relatively  light  pres.su res  and/or  slow 

speeds  are  most  desirable.  - - 

In  Fig.  7  the  temperature  rise  is  plotted  against  instrument  speed  for  four 

loads.  The  No.  557  steel  bur  was  used  for  each  of  these  tests.  It  is  interesting 

to  note  that  as  the  speed  is  initially  increased  the  temperature  rise  is  rapid.  As  the 

speed  is  further  increased  the  temperature  rise  increments  l)ecome  smaller  for 

a  short  range  and  then  increase  as  the  speed  increases  to  the  upper  limit  of  11,000 

r.p.m.  It  appears  from  these  results  that  when  operating  with  light  pressures, 

the  temperature  rise  is  not  excessive,  as  compared  to  heavier  pressures.  eveiTw-heti 
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In  Fig.  8  is  presented  a  composite  three  dimensional  graph  formed  by  plot¬ 

ting  the  data  contained  in  Figs.  6  and  7.  In  this  graph,  the  effect  of  the  two 

variables,  speed  and  load,  upon  the  temperature  rise  may  be  seen.*  The  maxi¬ 
mum  temperature  rise  developed  by  the  two  pound  load  and  a  speed  of  approx¬ 

imately  11,000  r.p.m.  was  not  completely  established.  Temperature  rises  of 

more  than  160°  F.  were  recorded,  however,  at  these  operating  conditions,  but 
further  studies  are  needed  to  determine  with  certainty  the  peak  temperatures 

obtainable. 

CONCLUSIONS 

1.  Results  have  been  presented  which  indicate  the  temperature  rise  within 

the  tooth  which  may  lie  expected  when  the  fissure  type  bur  is  used  at  speeds 

between  approximately  1,100  and  11,000  r.p.m. 

2.  From  the  results  obtained  it  appears  that  near  the  heat  source,  or  cut- 

ting  instrument,  the  maximum  temnerature  rise  is  developed  within  ten  seconds 

after  the  operation  liegins. 

3.  The  si^e  of  the  cutting  instrument  has  an  infiuence  on  the  temnerature 

rise  observed,  and  the  smaller  the  bur  used  the  lower  the  temperature  rise. 

L 
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4.  The  spiral  fluted  biir-s  studied  developed  a  greater  temperature  rise  than 
the  straight  fluted  burs. 

5.  Tungs^n  carbide  burs  were  shown  to  produce  a  lower  temperature  rise 

than  comparable  steel  burs  operated  under  the  same  conditions. 

6.  Both  the  increa.se  in  pressure  and  increase  in  speed  of  operation  were 

observ'ed  to  have  a  nronounced  influence  on  increasing  the  temperaiure  rise  de¬ 
veloped  _in  the  tooth  by  all  cutting  instruments  tested. 
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THE  EFFECT  OF  SECTION  SIZE  ON  THE  MECHANICAL  PROPERTIES 

OF  WROUGHT  GOLD  WIRES 

S.  H.  BUSH,  M.S.E.  AND  F.  A.  PEYTON,  D.Sc. 

School  of  Dentistry,  University  of  Michigan,  Ann  Arbor,  Mich. 

Results  of  tensile  tests  made  with  the  nonpreeious  metals,  notably  alumi¬ num,  have  proved  that  section  size  is  not  a  factor  in  determining  propor¬ 

tional  limit,  provided  the  grain  size  is  not  excessive.^  However,  these  tests  were 
made  on  specimens  varying  from  0.500  to  0.050  inches  in  diameter,  and  wrought 
dental  gold  wires,  in  which  the  diameter  is  as  small  as  0.030  inches,  are  often 

used.  It  is  possible,  therefore,  that  a  similar  relationship  does  not  exist  in 
such  a  case. 

A  survey  of  the  technical  literature  indicated  that  no  analysis  had  been 
made  of  the  effect  of  section  size  on  the  mechanical  properties  of  the  dental 

alloys.  Such  data  would  be  of  interest  since  they  might  reveal  the  validity 

of  applying  the  published  values  for  one  size  wire  while  a  different  size  was 

being  used  in  practice. 

Previous  work*’  ®  compared  chemical  composition,  microstrueture,  and  such 

mechanical  properties  as  Vickers’  diamond  pyramid  hardness,  tensile  propor¬ 
tional  limit  in  bending,  ultimate  tensile  strength  and  degree  of  set  in  bending. 

In  this  report  two  additional  factors  were  considered ;  the  effect  of  cross  section 

of  the  wires,  and  the  influence  of  high  temperatures  during  the  softening  process 
on  these  properties.  This  last  test  was  limited  to  the  wire  least  influenced  by 

section  size  using  the  proportional  limits  in  bending  and  in  tension  as  a  criterion. 
Tests  were  conducted  in  the  softened  (as  quenched)  as  well  as  the  hardened 
states  in  the  three  wires  investigated. 

MATERIALS 

All  alloys  were  the  standard  commercial  products,  representing  the  compo¬ 

sition  and  property  range  normally  met  with  in  wrought  gold  dental  alloys.* 
They  were  in  the  form  available  to  the  profession,  as  wrought  wires  with  the 

heat  treatment,  if  any,  that  is  normally  performed  by  the  producer  before 

release.  The  alloys  were  obtained  as  20  gauge  (0.030  inch),  18  gauge  (0.040 

inch),  16  gauge  (0.050  inch),  and  14  gauge  (0.064  inch)  wires,  suitable  for 
tensile  and  bend  tests.  The  chemical  compositions  of  the  alloys  are  given  in 
Table  I. 

HEAT  TREATMENT 

All  alloys  were  heat  treated  before  testing.  The  wires  had  apparently  been 
heat  treated  by  the  manufacturers,  and  it  is  obvious  that  this  previous  heat 

These  studies  were  aided  by  a  contract  between  the  Otflce  of  Naval  Research.  De¬ 

partment  of  the  Navy,  and  the  University  of  Michlgran,  N6-onr-232,  Task  Order  VIII  (NR 
181-360). 

Received  for  pubilcatlon  March  26,  1951. 

Read  at  the  meeting  of  the  Materials  Group,  International  Association  for  Dental  Re- 

'search,  French  Lick,  Ind.,  March  18,  1951.  (J.  D.  Rea.  SO:  500,  1951.) 

*The  three  alloys  investigated  were  supplied  by  the  following  companies: 
J.  M.  Ney  Company,  Hartford,  Conn.,  Spyco  Smelting  and  Reflning  Company.,  Minneapolis. 

Minn.,  The  S.  S.  White  Dental  Manufacturing  Company.,  Philadelphia.  Pa. 
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Table  I 

Chemical  Composition  of  Dental  Gold  Wires 

ANALYSIS 
(PER  CENT 

BY  WEIGHT) 

alloy 

AU 

1  PT 1  PD 

1  AG 

1  cu  1 

ZN  1 

NI 

A 61.5 2.5 
3.0 

14.5 
18.5 _ _ 

B 63.0 
7.0 

5.0 

10.5 
12.0 

0.5 

2.0 
C 

55.0 17.0 7.5 8.0 11.0 

1.5 

— 

ANALYSIS  (atomic 
PER  cent) 

A 40.1 
1.6 

3.6 17.3 37.4 

__ 

__ 

B 
43.8  . 

4.9 6.4 
13.4 

25.8 1.0 

4.7 

C 39.5 12.3 10.0 10.5 
24.5 

3.2 

— 

treatment  could  influence  the  results  obtained,  particularly  where  the  manu¬ 

facturer’s  heat  treatment  took  place  at  a  temperature  greater  than  that  used 
at  this  laboratory  to  insure  a  softened  state.  However,  after  considering  these 

possibilities,  it  was  believed  the  best  procedure  would  be  to  minimize  such 

variations  as  much  as  possible  by  heating  all  wires  to  1292°  F.  (700°  C.)  for 
10  minutes  then  quenching  in  water.  The  hardened  state  was  obtained  by  re¬ 

heating  for  15  minutes  to  680°  F.  (360°  C.)  in  a  salt  bath  then  quenching  in 
water.  In  the  case  of  wire  C,  a  further  heat  treatment  was  carried  out.  One 

series  of  wires  was  heated  1700°  to  1800°  F.  (927°  to  982°  C.)  for  one  hour,  then 
water  quenched.  This  initial  set  was  used  for  a  series  of  bend  tests.  A  second 

set  of  wires  was  heated  1700°  to  1900°  F.  (927°  to  1038°  C.)  for  one  hour,  then 

water  quenched.  The  higher  temperature  in  this  case  was  due  to  lack  of  con¬ 

trol  on  the  furnace,  a  small  laboratory  type  dental  unit.  Since  the  higher 

temperature  was  used  solely  as  a  qualitative  mea.sure  in  determining  its  effect 

on  grain  size  and  variation  in  mechanical  properties  among  the  different  size 

wires,  this  fluctuation  in  temperature  was  not  considered  to  .be  of  importance. 

Table  II 

Mechanical  Properties  of  Dental  Gold  Wires 

alloy 

WIRE 

GAUGE 

proportional  limit 

(tension) 
PROPORTIONAL  LIMIT 

(bending) 

1  SOFT 

1  HARD 

1  SOFT  1 HARD 

A 
20 

41,400 97,600 71,000 
146,800 

18 
50,900 100,600 82,100 

156,200 
16 

56,400 98,500 88,000 

155,000 

14 55,200 101,800 88,800 
162,500 

B 
20 

47,!500 107,600 96,000 146,300 

18 70,300 
116,200 123,000 179,800 

16 
87,900 123,100 127,300 194,700 

14 
89,600 129,700 155,800 212,800 

C 
20 74,300 

91,300 106,100 
127,400 

18 

73,900 93,100 
119,400 148,300 

16 75,000 90,200 124,500 
144,900 

14 73,500 93,900 
121,200 

153,900 
CG 

20 48,500 62,000 18 

55,500 87,000 
16 

63,600 103,900 

14 59,500 99,800 

CG 
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TEST  PROCEDURES 

Tensile  and  bend  tests  as  well  as  hardness  measurements  and  polishing 

techniques  were  performed  in  the  manner  discussed  in  previous  reports.*’  *  A 
Tinius  Olsen  mechanical  drive  machine  was  used  for  the  tensile  tests.  Bend 

tests  were  made  on  a  Tinius  Olsen  stiffness  tester  using  2-inch  wire  lengths, 

and  hardnesses  were  determined  with  a  Vickers  hardness  tester  using  a  10  kg. 

load  and  a  136°  diamond  pyramid  point. 

Fig.  1. — Microstructures  of  wrought  gold  wires.  Potassium  cyanide — Ammonium  Per¬ 

sulfate  Etch.  1000  diameters.  A,  Alloy  A,  soft.  B,  Alloy  B,  ‘soft.  C,  Alloy  C,  soft.  D, 
Alloy  CC. 

RESULTS 

Proportional  limit  in  bending  and  in  tension  was  selected  as  a  criterion 

for  comparison,  and  these  are  the  only  values  tabulated  in  Table  II. 

The  micrastructures  of  the  three  alloys  are  given  at  1000  diameters  in 

Pig.  1  in  the  soft  (as  quenched)  state.  An  additional  mierostructure  is  also 

given  in  Fig.  1.  This  illustrates  the  effect  on  the  grain  size  of  alloy  V  of  heating 
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to  ITOO*^  to  1800°  F.'for  one  hour.  The  photomicrographs  aid  in  predicting  the 
effect  of  grain  size  on  the  mechanical  properties  of  wires  as  a  function  of  the 
section  size. 

The  difference  in  grain  size  from  alloy  to  alloy,  as  well  as  that  occurring  in 

one  particular  alloy  due  to  a  variation  in  the  heat  treatment,  is  sufficient  to 

infer  qualitatively  the  existence  of  a  critical  section  size  below  which  the  pro¬ 
portional  limits  decrease  with  a  decrease  in  diameter.  Above  this  critical  cross 

section  no  change  in  mechanical  properties  should  be  noted  with  an  increasing 
diameter. 

DISCUSSION 

In  Figs.  2  and  3  are  plotted  the  proportional  limit  in  tension  and  pro¬ 
portional  limit  in  bending  versus  the  wire  diameter,  definitely  indicating  that 

no  correlation  exists  between  these  mechanical  properties  and  the  section  size 

of  the  w'ire.  Examination  of  Fig.  2,  proportional  limit  in  tension  versus  wdre 

diameter,  does  indicate  that  the  different  alloys,  after  the  manufacturer’s  heat 
treatment  and  the  softening  heat  treatment,  did  not  respond  in  the  same  fashion. 

Alloy  A  has  a  critical  diameter  of  about  0.044  inch,  below  which  the  proportional 

limit  decrea.ses  with  a  decrease  in  diameter,  and  aliove  which  no  change  occurs 

with  an  increase  in  diameter.  Alloy  B  responds  in  a  similar  fashion.  In  this 

case  the  critical  diameter  occurs  at  0,048  inch.  Alloy  C,  however,  has  a  critical 

diameter  less  than  that  of  the  smallest  wire  tested  (0.030  inch)  since  there  is  no 

change  in  proportional  limit  noted  from  the  large.st  to  the  smallest  wire.  To 

determine  the  effect  of  excessively  high  heat  treatment  temperatures  on  an 

alloy,  the  least  responsive,  C,  was  heated  within  a  temperature  range  varying 

from  17(K)°  to  1900°  F.  and  held  there  for  one  hour  before  being  quenched  in 
water.  These  tests,  designated  by  the  code  letters  CC,  had  lower  proportional 

limits,  a  higher  critical  diameter  (0.048  inch),  and  an  increa.sed  grain  size. 

An  examination  of  the  proportional  limits  in  tension  as  a  function  of 

the  diameter  indicates  that  the  wires  are  generally  less  structure-sensitive  in 
the  hardened  than  in  the  softened  state.  Alloy  A  apparently  has  a  critical 

section  size  slightly  greater  than  or,  pos.sibly,  less  than  0.030  inch.  Alloy  C 
responds  in  the  same  fashion.  The  response  of  Alloy  B  differs  from  that  of  the 

other  two.  The  results  indicate  that  the  critical  section  size  is  definitely  in¬ 
creased.  It  is  not  possible  to  tell  whether  it  is  greater  than  0.064  inch,  but  it 

cannot  be  much  less  in  any  event.  No  adequate  explanation  of  this  phenomenon 
is  advanced  due  to  lack  of  sufficient  data;  however,  it  is  suggested  that  the 

precipitation  hardening  which  is  so  pronounced  in  this  particular  alloy  may  be 

partially  responsible. 

The  results  of  proportional  limit  in  bending  versus  wire  diameter  are 
shown  in  Fig.  3.  Analysis  of  the  alloys  in  the  softened  state  indicates  that  the 

results  are  comparable  to  thase  obtained  in  the  tensile  tests.  In  Alloy  A  the 

critical  diameter  is-0.045  inch.  Apparently  Alloy  B  is  more  structure-sensitive 
in  bending  than  in  tension,  since  the  critical  diameter  is  greater  than  0.064  inch. 

Alloy  C  is  also  slightly  more  structure-sensitive.  In  tension  the  critical  diameter 
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was  less  than  0.030  inch.  In  hendinff  the  critical  diameter  is  approximately  0.040 

inch.  Alloy  C('  has  a  fjreater  critical  diameter  than  Alloy  C,  as  would  be  ex¬ 
pected.  Here,  the  critical  diameter  is  0.046  inch. 

The  hardened  wires  a^ain  responded  in  bending  in  a  fashion  similar  to 

that  observed  in  the  tensile  tests.  Alloy  A  had  a  critical  diameter  between 

0.030  inch  and  0.040  inch,  somewhat  higher  than  was  obser\'ed  in  the  tensile 

results.  Alloy  (’  also  fell  in  this  same  range,  again  higher  than  in  the  tensile 
tests.  In  the  case  of  Alloy  B  the  critical  diameter  was  greater  than  0.064  inch, 

duplicating  the  results  of  the  tensile  tests. 

It  is  apparent  that  either  tensile  or  I)end  tests  are  satisfactory  for  determin¬ 
ing  the  critical  section  size.  In  some  cases  the  .slightly  greater  sensitivity  noted 

at  smaller  diameters,  when  using  the  bend  te.st,  indicates  it  might  be  preferable, 

particularly  since  the  test  condition  is  more  comparable  to  conditions  in  prac¬ 
tice  than  is  a  tensile  test. 

A  comparison  of  the  photomicrographs  in  Fig.  1  indicates  that  grain  size 

is  not  the  sole  factor  in  determining  the  critical  diameter.  This  is  understandable 

when  the  wide  variation  in  chemical  composition  is  noted  together  with  the 

definite  over-all  difference  in  shape  of  grain  and  type  of  precipitate  occurring 

in  the  various  alloys.  In  Alloy  C,  w’here  such  variables  as  chemical  composition 

and  type  of  matrix  precipitate  are  eliminated,  the  increase  in  grain  size  accom¬ 
panying  the  heat  treatment  at  an  excessive  temperature  can  be  considered  to  be 

one  of  the  most  important  factors  in  shifting  the  critical  diameter  upward. 

It  probably  is  not  the  sole  factor,  but  it  undoubtedly  is  responsible  for  some 

of  the  decrease  in  the  proportional  limit  and  the  shift  in  critical  section  size. 

CONCLUSIONS 

1.  No  definite  correlation  exists  between  cross-section  of  the  wire  in  either 

the  soft  or  hard  state  and  proportional  limit  in  bending  or  in  tension. 

2.  A  critical  section  size  exists  below’  w’hich  the  mechanical  properties 
change  as  the  section  size  decreases,  and  above  which,  no  change  in  mechanical 

properties  is  noted  with  an  increase  in  section  size. 

3.  An  increase  in  the  platinum  content  is  accompanied  by  a  decrease  in  the 

critical  section  size.  This  is  attributed  to  the  refinement  in  grain  size  which 

accompanies  such  an  increase  in  platinum. 

4.  An  alloy  with  a  small  grain  size  is  less  structure-sensitive  than  an  alloy 

with  a  large  grain  size.  In  the  same  alloy  an  increase  in  grain  size  is  accom¬ 
panied  by  a  similar  increase  in  the  critical  section  size. 

5.  If  the  wires  are  heat-treated  at  an  excessively  high  temperature,  an 
increase  in  the  grain  size,  and  a  decrease  in  the  proportional  limits  in  bending 

and  in  tension,  will  occur  together  with  an  increase  in  the  critical  section  size, 

provided,  of  course,  that  the  wires  have  not  lieen  subjected  to  a  previous  heat 

treatment  at  a  higher  temperature. 

6.  Both  tensile  and  bend  tests  are  satisfactoiw’  for  determining  the  critical 
section  size  in  hard  or  soft  wires;  however,  the  results  indicate  that  the  liend 

test  may  have  a  greater  degree  of  section  sensitivity  than  the  tensile  tests,  at 

least  in  certain  alloys. 
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7.  Published  values  of  the  proportional  limits  of  various  alloys,  when  based 

on  a  single  wire  diameter,  should  he  used  for  design  purposes  only  when  the 

design  structure 'is  equal  to  or  greater  in  cross-section  than  the  cross-section  of 
the  test  wire.  This  precaution  is  unneces.sary  if  it  is  known  that  the  critical 

cross-.section  is  smaller  than  either  the  design  or  test  wire  cross-section. 

8.  Alloys  in  which  a  pronounced  precipitation  hardening  occurs  are  ap¬ 
parently  much  more  structure  sensitive  in  the  hardened  than  in  the  softened 

state.  On  hardening,  the  critical  section  size  is  shifted  to  a  much  greater  value 
in  both  tensile  and  bend  tests. 
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Errata 

In  Abstract  18  (J.  D.  lies.  30:  465,  1951),  line  7  on  page  466  should  read 

“The  precarious  lesions,’’  not  “The  carious  lesions.” 
In  Abstract  121  (J.  D.  Res.  30:  504,  1951),  line  2  on  page  505  should  read 

“erupted  tooth,”  and  not  “unerupted  tooth.” 
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